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lor Johnston,  Edward  G.  Janeway,  James  B.  Johnson,  George  Jones,  Edward  S.  Jaf- 
fray,  William  L.  Jenkins,  John  C.  Jay,  jr.,  M.D.,  D.  Willis  James,  Robert  Jaffray,  Gen. 
Thomas  L.  James,  Alexander  Jaffray,  George  F.  Kunz,  Alexander  P.Ketchum,  Charles 
Henry  Kitchel,  John  S.  Kennedy,  James  P.  Kimball,  Prof.  Clarence  King,  Robert 
Lenox  Kennedy,  George  Kemp,  Edward  Kemp,  EzraM.  Kingsley,  Rev.  Arthur  C.  Kim- 
ber,  Hon.  Frederick  Kuhne,  Elias  Lewis,  jr.,  C.  W.  Leng,  Francis  W.  Leggett,  Prof. 
Alfred  L.  Loomis,  Charles  Lanier,  Charlton  T.  Lewis,  Abiel  Low,  A.  A.  Low,  Hon. 
Seth  Low,  Henry  E.  Lawrence,  Louis  Lang,  Robert  J.  Livingston,  Hon.  Richard  L. 
Larremore,  William  Libbey,  Charles  H.  Leland,  George  De  Forest  Lord,  William  F. 
Lee,  Rev.  Joseph  J.  Lampe,  Dr.  Louis  H.  Laudy,  Prof.  Albert  R.  Leeds,  Prof.  W.  Goold 
Levison,  Edward  V.  Loew,  Benjamin  Lord,  M.D.,  G.  K.  Lord,  Prof.  George  W.  May- 
nard,  Henry  G.  Marquand,  F.  J.  H.  Merrill,  Walter  H.  Mead,  Prof.  George  H.  Moore, 
John  McMuUen,  Prof.  Alfred  M.  Mayer,  R.  B.  Minturn,  J.  Pieipont  Morgan,  Gouver- 
neur  Morris,  Charles  Minturn,  William  H.  Macy,  Hon.  Levi  P.  Morton,  Homer  Mor- 
gan, Vice  Chancellor  H.  M.  McCracken,  LL.D,,  Edward  B.  Miller,  Ewen  Mclntyre, 
Elbert  B.  Monroe,  Prof.  A.  E.  Macdonald,  Rev.  D.  Parker  Morgan,  Rev.  Francis  H. 
Marling,  Albon  P.  Man,  John  McCay,  Rev.  H.  T.  McEwen,  Prof.  Edward  W.  Martin, 
Rev.  E.  McChesney,  Rev.  R.  McArthur,W.  C.  Martin,  Prof.  D.  S.  Martin,  Hon.  St.  Clair^ 
McKelway,  Henry  Monett,  Anton  Nelirbas,  Prof.  John  S.  Newberry,  LL.  D.,  Stephen 
P.Nash,  Henry  D.  Noyes,  Jose  F.  de  Navarro,  Oswald  Ottendorfer,  Hon.  William  S. 
Opdyke,  Peter  B.  Olney,  Henry  A.  Oakley,  Hamilton  Odell,  H.  F.  J.  Porter,  Dr.  liUcius 
Pitkin,  Rev.  W.  W.  Page,  Rev.  Dr.  Charles  H.  Parkhurst,  Dr.  C.  E.  Pellew,  W.  C.  Peck- 
ham,  Emlin  Painter,  John  E.  Parsons,  Prof.  Charles  Inslee  Pardee,  Prof.  Henry  G. 
Piffard,  James  S.  Page,  J.  F.  Poggenburg,  Rev.  Dr.  John  R.  Paxton,  A.  M.  Palmer, 
Charles  C.  Parmelee,  Rev.  Vincent  Pisek,  Prof.  George  W.  Plympton,  William  M.  Polk, 
Horace  Porter,  Rt.  Rev.  Henry  C.  Potter,  Percy  R.  Pyne,  Hon.  W.  W.  Phelps,  Francis  A. 
Palmer,  Temple  Prime,  Willard  Paiker,  jr.,  M.D.,  William  C.  Prime,  Henry  Edward 
Pellew,  Hon.  Edwards  Pierrepont,  Hon.  Orlando  B.  Potter,  Prof.  Rossiter  W.  Raymond, 
Prof.  W.  H.  Rudkin,  Prof.  Ogden  N.  Rood,  Gen. T.  F.  Rodenbough,  T.  Addison  Richards, 
Jenness  Richardson,  Howell  C.  Reese,  George  L.  Rives,  S.  A.  Reid,  H.  H.  Rusby,  M.D., 
Dr.  Charles  Rice,  Rev.  William  S.  Rainsford,  Whitelaw  Reid,  Lewis  M.  Rutherford,  Wil- 
liam Bbinelander,  Hon.  Robert  B.  Roosevelt,  Hon.  J.  Hampton  Robb,  John  Meredith, 
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Reid,  jr.,  Hon.  Theodore  Boosevelt,  Eev.  S.  B,  Rossiter,  Rev.  Dr.  Charles  S.  Robinson, 
Charles  Rice,  Dr.  Pierre  de  P.  Ricketts,  Prof.  J.  K.  Rees,  Jackson  D.  Steward,  E.  B. 
South  wick.  Prof.  W.  Le  Conte  Stevens,  George  B.  Sennett,  Rev.  Dr.  G.  W.  Samson,  Gus- 
tav  Schwab,  De  Witt  J.  Seligman,  Edward  J.  Simmons,  Edwin  A.  Schultze,  Samuel 
Sloan,  Prof.  Joseph  Schrenk,  F.  Le  Roy  Satteilee,  M.D.,  Rev.  Dr.  Philip  Schaff,  John 
Sloane,  George  H.  Smilley,  .lames  D.  Smillie,  Gilbert  M.  Speir,  Miles  Standish,  Frederick 
W.  Stevens,  Garrett  P.  Serviss,  Rev.  A.  B.  Simpson,  Paul  N.  Spofford.  John  Austin 
Stevens,  Edward  Schell,  Francis  A.  Stout,  William  Henry  Scliieffelin,  Charles  A.  Silli- 
man,  Elliot  F.  Shepard,  William  Steinway,  Rutherford  Stuyvesant,  William  C.  Scher- 
merhorn,  Samuel  J.  Storrs,  Tlieron  G.  Strong,  William  L.  Skidniore,  Prof.  J.  J.  Steven- 
son, F.  A.  Schermerhorn,  A.  B.  Stone,  John  H.  Starin,  Henry  Sheldon,  Dr.  Steplien  Smith, 
Hon.  A.  S.  Sullivan,  Appleton  Sturgis,  Rudd  Smith.  Gustav  H.  Schwab,  William  H. 
Steiner,  Rev.  Dr.  Roderick  Terry,  Prof.  William  H.  Tliomson,  Prof.  W.  P.  Trowbridge, 
Lawrence  Turnure,  Charles  L.  TiflTany,  Minthorne  Tompkins,  Francis  B.  Thurber,  Ham- 
ilton McK.  Twoml)ly,  John  C.  Tucker,  Alfred  W.  Trotter,  Dr.  William  M.  Taylor,  J.  R. 
Towse,  Capt.  A.  W.  Vogdes,  Jacob  D.  Vermilye,  Cornelius  Van  Brunt,  Aaron  J.  Van- 
derpoel,  Jenkins  Van  Schaick,  Hon.  C.  H.  Van  Brunt,  William  Voorhis,  Cornelius 
Vanderbilt,  Alfred  Van  Santvoord,  Hooper  C.  Van  Vorst,  Rev.  Dr.  Marvin  R.  Vincent, 
William  K.  Vanderbilt,  Rev.  Henry  J.  Van  Dyke,  George  W.  Vanderbilt,  James  M. 
Varnum,  Kiliaen  Van  Rensselaer,  Warner  Van  Norden,  Gen.  Egbert  L.  Viele,  Frederick 
W.  Vanderbilt,  Col.  J.  R.  Van  Wormer,  Prof.  R.  P.  Whitfield, Prof.  W.  R.  Ware,  Dr.  John 
S.  White,  William  Wood,  Gen.  Alexander  S.  Webb,  Prof.  Adolph  Werner,  William  A. 
Wheelock,  Prof.  Rudolph  A.  Witthaus,  Prof.  Faneuil  D.  VVeisse,  Fred.  W.  Whittridge, 
Egerton  L.  Winthrop,  Andrew  Warner,  John  A.  Weekes,  Charles  W.  Wetmore,  Everett 
P.  Wheeler,  Hon.  William  H.  Wickham,  Rev.  Daniel  C.  Weston,  Rev.  D.  G.  Wylie, 
Charles  H.  Woodbury,  James  R.  Wood,  Rev.  J.  T.  Wilds,  Timothy  S.  Williams,  Rev. 
John  M.  Worrall,  William  H.  S.  Wood,  Hon.  H.  Walter  Webb,  A.  Woodward,  A. 
Coolidgo  Warren,  Dr.  Cliarles  E.  West,  James  Grant  Wilson,  Richard  Weightman, 
W.  J.  Youmans,  M.D.,  Rev.  J.  L.  Zabriskie. 

EXECUTIVE  COMMITTEE. 

(Consists  of  the  officers  of  the  general  Local  Committee  with  the  officers  of  the 
following  sub-committees.) 

LADIES'  RECEPTION  COMMITTEE. 

Chairman:  MRS.  A.  B.  Stonk. 
Secretary  Miss  Winifred  Edgerton. 
Treasurer!  Mr8.  Sylvanus  Reed. 

Miss  Helen  J.Aitkin,  Mrs.  F.  A.  P.  Barnard,  Miss  Adelina  Bierck,  Mrs.  Mary  Taylor 
Bissell,  M.D.,  Mrs.  Vlncenzo  Botta,  Mrs.  Elizabeth  G.  Britton,  Miss  Annie  Brown, 
Mrs.  Bryce,  Mrs.  Benjamin  Church,  Miss  E.  S.  Conant,  Mrs.  Winthrop  Cowdin,  Mrs. 
J.  C.  Croly,  Miss  Elizabeth  Cushier,  M.D.,  Mrs.  Henry  Day,  Mrs.  Melvil  Dewey,  Mrs. 
L.  P.  Di  Cesnola,  Mrs.  Judge  Dillon,  Mrs.  Mary  Mapes  Dodge,  Miss  A.  M.  Ely,  Mrs. 
Nicholas  Fish,  Mrs.  J.  A.  Gallaher,  Mrs.  Jeannctte  B.  Greene,  M.D.,  Mrs.  E.  H.  Harri- 
man,  Mrs.  Virginia  K.  Hascall,  Mrs.  William  S.  Helmuth,  Mrs.  Henry  Herrman,  Mrs. 
Abram  S.  Hewitt,  Miss  F.  II.  M.  Hitchcock,  Mrs.  J.  C.  Hoagland,  Mrs.  Robert  Hoe, 
Mrs.  Richard  M.  Hoe,  Mrs.  James  S.  Hollinsliead,  Mrs.  Mary  Putnam  Jacobi,  M.D., 
Mrs.  John  Taylor  Jolinston,  Mrs.  Martha  J.  Lamb,  Mrs.  Hamilton  W.  Merrill,  Mrs. 
Levi  P.  Morton,  Mrs.  J. O.  Moss,  Miss  Amelia  Murray,  Mrs.  W.  B.Oliver,  Mrs.  Bernard 
Peters,  Miss  Ruth  Putnam,  Miss  Geraldine  Reed,  Mrs.  Latham  G.  Reed,  Mrs.  Russel 
Sage,  Mrs.  Henry  Sheldon,  Mrs.  Henry  .S.  Snow,  Mrs.  A.  B.  Stone,  Mrs.  J.  S.  T.  Stran- 
ahan,  Mrs.  V.  C.  Taylor,  Mrs.  James  L.  Truslow,  Mrs.  Cornelius  Van  Brunt,  Mrs.  Cor- 
nelius Vanderbilt,  Mrs.  Henry  Villard,  Miss  LlUie  E.  Warren,  Mrs.  C.  T.  Wells,  Mrs. 
John  Wilmerding,  Mrs.  F.  K.  Wisclinewetzky. 


LOCAL   COMMITTEE 


COMMITTEE  ON  INVITATIONS  AND  RECEPTIONS. 

Chairman:  Pkof.  Daniel  S.  Martin, 
Secretary:  Mr.  F.  J.  H.  Merrill. 
Rev.  Anson  P.  Atterbui'y,  James  M.  Constable,  Benjamin  H.  Field,  Nicholas  Fish, 
Dr.  J.  B.  Holder,  Abram  Jacobi,  M.D.,  Hon.  Seth  Low,  Rt.  Rev.  Henry  C.  Potter, 
S.  A.  Reed,  Prof.  J.  K.  ReeS,  Charles  H.  Rockwell,  F.  Aug.  Schermerhorn,  Stephen 
Smith,  M.D.,  Prof.  J.J.  Stevenson,  Hon.  Algernon  S.  Sullivan,  Capt.  A.  W.  Vogdes, 
Gen.  Alex.  S.  Webb. 

COMMITTEE  ON  FINANCE. 

Chairman:  Gen.  Thomas  L.  James. 

Secretary:  Mr.  George  F.  Kunz. 
8.  L.  M.  Barlow,  Walter  H.  Barret,  Hon.  M.  C.  D.  Borden,  Lucius  E.  Chittenden, 
Thomas  B.  Clark,  Henry  Clews,  Hon.  Alfred  R.  Conkliug,  Hon.  Edward  Cooper, 
Charles  F.  Cox,  Frederick  W.  Devoe,  Henry  Dudley,  H.  C.  Duval,  Prof.  Thomas  Eg- 
leston,  Charles  D.  Freeman,  James  A.  Garland,  James  Gaylor,  George  J.  Gould,  John 
H.  Hinton,  M.D.,  N.  D.  C.  Hodges,  Robert  Hoe,  jr.,  Brayton  Ives,  Hon.  Frederick 
Kuhne,  Vice  Chanc.  H.  MacCracken,  LL.D.,  A.  M.  Palmer,  Charles  C.  Parmelee, 
Howell  C.  Reese,  Gustav  H.  Schwab,  De  Witt  J.  Seligman,  Elliot  F.  Shepard,  J.  Edward 
Simmons,  William  H.  Stiner,  Appleton  Sturgis,  Russell  Sturgis,  Charles  L.  Tiflfany, 
Frederick  W.  Vanderbilt,  J.  K.  Van  Rensselaer,  Col.  J.  R.  Van  Wormer,  Hon.  H. 
Walter  Webb,  William  A.  Wheelock. 


COMMITTEE  ON  ROOMS. 

Chairman:  MR.  Melvil  Dewey. 
Secretary:  Mr.  H.  F.  J.  Porter.  • 

Joseph  H.  Choate,  Gen.  James  B.  Fry,  Henry  Marquand,  Prof.  George  W.  Maynard 
Dr.  Rossiter  W.  Raymond. 


COMMITTEE  ON  HOTELS  AND  LODGINGS. 

Chairman:  Laurence  Johnson,  M.D. 
Secretary:  Dr.  N.  L.  Britton. 
A.  L.  Carroll,  M.D.,  Prof.  E.  H.  Day,  Dr.  Arthur  H.  Elliott,  Arthur  Hollick,  Frank 
Hustace,  M.D.,  Henry  H.  Rusby,  M.D,,  E.  A.  Schultze. 


COMMITTEE  ON  TRANSPORTATION  AND  EXCURSIONS. 

Chairman:  Mr.  Henry  Monett. 
Secretary:  Mr.  E.  B.  Sodthwick. 
W.  F.  Allen,  Hon.  Henry  R.  Beekman,  Prof.  George  H.  Cook,  P.  H.  Dudley,  L.  P. 
Farmer,  Cyrus  W.  Field,  C.  T.  Hempstead,  W.  F.  Holwill,  G.  K.  Lord,  Hon,  Samuel 
Sloan,  Hon.  John  H,  Starin,  James  R.  Wood. 


COMMITTEE  ON  MAIL,  TELEGRAPH  AND  EXPRESS. 

Chairman:  Mr.  P.  H.  Dudley, 
Secretary:  Mr.  L,  P,  Gratacap. 
S.  Lowell  Elliot,  James  Gaylor,  Norvin  Green,  John  Hoey,  Hon,  Henry  G.  Pearson, 
H,  F.  J,  Porter,  Jcnness  Richardson,  A.  Coolidge  Warren,  A.  Woodward. 
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COMMITTEE  ON  PRINTING. 

Chairman:  Mr.  Corneliu8  Van  BkuNT. 
Secretary!  Prof.  H.  L.  FairCHILD. 
Dr.  A.  A.  Jullen,  W.  C.  Martin,  Lucius  Pitlsiu,  Prof.  J.  K.  Rees,  Prof.  W.  P.  Trow- 
bridge, John  L.  Wall,  Prof.  R.  P.  Whitfield,  WUliam  H.  S.  Wood. 


COMMITTEE  ON  SCIENTIFIC  PAPERS. 

Chairman!  Prof.  J.  8.  Newberry. 

Secretary!  Prof.  Georgb  W.  Plymptoh. 
Gen.  H.  L.  Abbott,  U.  S.  A.,  Prof.  J.  A.  Allen,  Prof.  Benjamin  Braman,  Prof.  Albert 
8.  Bickmore,  Dr.  N.  L.  Britton,  B.  B.  Chamberlin,  Prof.  Charles  F.  Cliandler,  Prof. 
G.  W.  Coakley,  Gen.  G.  W.  Cullum,  E.  H.  Davis,  M.D.,  Prof.  E.  H.  Day,  Prof.  R.  Og- 
den  Doremus,  Andrew  E.  Douglas,  Prof.  Daniel  Draper,  Miss  Winifred  Edgerton, 
Thomas  Edison,  Prof.  Thomas  Egleston,  S.  Lowell  Elliot,  .John  Ericsson,  L.  P.  Grata- 
cap,  Prof.  Albert  C.  Hale,  Dr.  Isaac  H.  Hall,  Elial  F.  Hall,  Prof.  D.  W.  Hering,  Miss  F. 
B.  M.  Hitchcock,  Dr.  Frederick  Hoffman,  Arthur  Hollick,  J.  D.  Hyatt,  Laurence 
Johnson,  M.D.,  Dr.  A.  A.  Julien,  Prof.  Clarence  King,  George  F.  Kunz,  Dr.  Louis  H. 
Landy,  George  N.  Lawrence,  Prof.  Albert  R.  Leeds,  Dr.  W.  Goold  Levison,  Prof.  D.  8. 
Martin,  Prof.  Albert  M.  Mayer,  Prof.  George  W.  Maynard,  F.  J.  H.  Merrill,  Prof.  H.  J. 
Messenger,  Prof.  H.  8.  Munroe,  Dr.  C.  E.  Pellew,  Prof.  Rossiter  W.  Raymond,  Prof.  J. 
K.  Rees,  Prof.  P.  de  P.  Ricketts,  Prof.  O.  N.  Rood,  W.  H.  Rudkin,  Lewis  M.  Ruther- 
ford, L.  Schoeney,  M.D.,  Joseph  Schrenk,  M.  D.,  Sauderpon  Smith,  Miss  M.  O.  Steele, 
Prof.  VV.  Le  Conte  Stevens,  Prof.  J.  J.  Stevenson,  Prof.  William  Stratford,  M.D., 
Prof.  W.  P.  Trowbridge,  Prof.  J.  H.  Van  Amringe,  Dr.  P.  H.  Vanderweyde,  Hon. 
Egbert  L.  Viele,  Capt.  A.  W.  Vogdes,  U.S.A.,  John  L.  Wall,  Prof.  R.  P.  Whitfield, 
Prof.  De  Volsen  Wood,  Rev.  J.  L.  Zabriskie. 


COMMITTEE  ON  THE  PRESS. 

Chairman!  DR.  Charles  Insleb  Pabdeb. 

Secretary!  Mk.  Hichard  Weightman. 
George  D.  Bayard,  Henry  Guy  Carleton,  Foster  Coates,  Charles  H.  Davis,  Prof.  H. 
L.  Fairchild,  Richard  A.  Farrelly,  Isaac  N.  Ford,  Barclay  Gallagher,  George  A.  Gor- 
don, C.  O'C.  Hennessey,  Alexander  Jaffrey,  Rudd  Smith,  J.  R.  Towse,  Timothy  S. 
Williams. 


COMMITTEE  ON  MEMBERSHIP. 

Chairman!  Prof.  John  K.  Rees. 
Secretary!  Prof.  W.  Lb  Contk  Stevens. 
C.  R.  Agnew,  M.D.,  Prof.  H.  L.   Fairchild,  Dr.  Alexis  A.  Julien,  Prof.   A.  M. 
Mayer. 
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SPECIAL  COMMITTEES  OE  THE  ASSOCIATION.^ 


1 .     Committee  with  power  to  elect  Members  and  Fellows. 
The  Members  of  the  Standing  Committee. 

2.     Committee  on  the  Begistration  of  Deaths,  Births,  and  Marriages. 

E.B.  Elliott  of  Washington,  I   John  Collett  of  Indianapolis, 

E.  T.  Cox  of  New  Harmony,  I   J.  S.  Newberry  of  New  York. 

3.     Committee  on  Stellar  Magnitudes. 


E.  C.  Pickering  of  Cambridge, 
S.  W.  BURNHAM  of  Ciiicago, 
Asaph  Hall  of  Wasiiington, 
William  Harkness  of  Wasiiington, 


S.  E.  Holden  of  Berkeley, 
Simon  Newcomb  of  Washington, 
Ormond  Stone  of  Univ.  of  Va., 
C.  A.  Young  of  Princeton. 


4.     Committee  on  Indexing   Chemical  Literature. 


H.  Carrington  Bolton  of  Hartford, 
F.  W.  Clark  of  Washington, 
A.  S.  Leeds  of  Hoboken, 


A.  A.  JULIEN  of  New  York, 
J.  W.  Langley  of  Ann  Arbor, 
S.  H.  Scudder  of  Cambridge, 


C.  K.  Wead  of  Malone. 


5.     Committee  on  International  Congress  of  Geologists. 


James  hall  of  Albany, 
J.  W.  Dawson  of  Montreal, 
J.  S.  Newberry  of  New  York, 
T.  Sterry  Hunt  of  Montreal, 
C.  H.  HITCHCOCK  of  Hanover, 
Bafhabl  Pumpelly  of  Newport, 
J.  P.  Lesley  of  Philadelphia, 


J.  W.  Powell  of  Washington, 
G.  A.  Cook  of  New  Brunswick, 
John  .T.  Stevenson  of  New  York, 
E.  D.  Cope  of  Philadelphia, 
E.  A.  Smith  of  Tuscaloosa, 
Pbrsifor  Frazer  of  Philadelphia, 
H.  S.  Williams  of  Ithaca, 


N.  H.  Winchbll  of  Minneapolis. 

»  All  Committees  are  expected  to  present  their  reports  to  the  Standing  Committbb 
not  later  than  the  fourth  day  of  the  meeting.  Committees  sending  their  reports  to  the 
Permanent  Secretary  a  month  before  the  Cleveland  meeting  can  have  tliem  printed  for 
ase  at  the  meeting. 

(xvlii) 


SPECIAL   COMMITTEES.  XIX 


6.    Committee  on  Anatomical  Nomenclature,  with  Special  reference  to 

the  Brain. 


Harrison  Allen  of  Philadelphia, 
H.  F.  OSBORN  of  Garrisons, 

Frank  Baker  of  Washington. 


T.  B.  Stowell  of  Cortland, 
B.  G.  Wilder  of  Ithaca, 


7.     Committee  on  Physics  Teaching. 

T.  C.  Mendenhall  of  Terre  Haute,  H.  S.  Carhart  of  Ann  Arbor, 

W.  A.  Anthont  of  Ithaca,  I    F.  H.  Ssuth  of  Charlottesville, 

John  Trowbridge  of  Cambridge. 

8.  Committee  to  apply  to  Congress  for  a  Redtiction  of  the  Tariff  on 

iScientific  Books  and  Apparatus. 

S.  D.  COPE  of  Philadelphia,  I     J.  R.  Eastman  of  Washington, 

John  S.  Billings  of  Washington. 

9.  Committee  to  memorialize  Congress  to  take  steps  for  the  Preservation 

of  Archoeologic  Monuments  on  the  public  lands. 

Miss  Alice  C.  Fletcher  of  Cambridge,  |     Mrs.  T.  Stevenson  of  Washington. 

10.    Special  Agent  of  Transportation  for  the  Association  to  ad  with  the 
Local  Committees. 

P.  H.  Dudley  of  New  York. 

11.    Auditors. 
Hbnbt  Wheatland  of  Salem,  |    Thomas  Mebhan  of  Germantown. 


XX 


MEETINGS. 


H 
c» 

t— I 

H 

<1 
;zi 

fi 

<1 

CO 

H 
cc 

I— I 
C5 
O 
Hi 
O 

o 

o 
o 

H 

M 

o 
o 

c» 
c» 

<3 

< 
O 

P5 

<j 

P^ 
W 
H 

O 

CO 

p; 
w 
o 

»H 
pR 
fH 

o 

<1 
CO 

o 

H 

p>^ 
(>^ 


•g    B    B    *H     cs 

3  I  s  s  I 


hj   Q   «   «   pq 


n    «s  J  5  S   S 


M    P5    rs    =  =    ;= 


U     O     H     cc 

k4    i4    d    tt 


PSOWi-s" 


«  ^ 


^    s 


S       -     So    # 


§    3 


^     "a     d     c 

W     M     oo     W     1-5     ^ 


►^     M     i-S 


^     «« 


>»    .5 


CL,     PL,     P9     -sj 


s  s 


<)-<<)    <5 


=5    «    « 


(D 

o 

as 

A 

^ 

*S 

«    g 

^ 

•«  S 

QJ        QJ 

S 
P 

II 

-a 

.^     <M 

<u 

■c  o 

."5 

f 

^  a 

^ 

«  » 

etf 

O     t> 

»H 

s  -a 

1^ 

|| 

o 

« 

<  s 

1 

C3 

.s 

'-S 

'5 

«    c4 

o 

■"   o 

ao 

00 

O    a> 

^ 

u^ 
§    g 

Q) 

C 

e  g 

V 

o  -g 

^ 

^s 

© 

^<t 

bo 

.9 

■3  2 
25 

^3 

P4  C|-| 

ai 

o 

V 

s 

1  s 

<a  o 

a> 

^2 

■S     00 

0} 

«  2 

£ 

2  f^ 

-a 

J3    <j 

<D 

tn    cj 

P2 

s:  Qj 

^   o 

<□    Si 

ii^  •" 

B 

-,  *" 

00     o 

« 

<^ 

Q^ 

es 

g 

.     0) 

B    J3 

"to 

.2     » 

CS 

s  5 

« 

"tS      4J 

*j    eS 

!s 

■"  _ 

C  "O 

tH 

o    f. 

o 

"  s 

c 

*  o. 

OS 

<M 

1 

C3 

,s 

u 

a.  s* 

o   0 

£ 

-a  <n 

od" 

«s 

J 

<0    u 

J=     C3 

**  J3 

a 

irt      i" 

t3  "3 

«    o 

S  g 

i « 

1  s 

1   2 

£?'H 

Q    &> 

«  a 

#    -t- 

S    OS 

ew 

MEETINGS. 


XXI 


2    F    =    =     • 


*.  *.  *.  •.*.•.  *r  ■*T  +T 

aaadaoasa 


fc^yP^^P-P-p-S-P-P-P-P-P- 


>.    >.     X      X      X     X 


bototobcbo&otcbobnto"    bobobo 


^  .5  .S  .S 

"E  "u  'S  "S  "S  'S  'C  'E  'S  'iZ 

•Ots-ooooooooooo 


u    «    0)    S 


s  s 


n 

« 

pa 

P« 

Pm 

P^ 

ff) 

O) 

CO 

OQOQOOCCOQQQOQCCtC 

oooooooooo 


iJ    f^ 


'^i-a'-s'-9'-a>-9'-s'-s'-ai-afai-a>-?'^&'^ 


5"^ 
^f5  PS 


©  22 


i.    u  * 

<s    <o      - 
bo    bo    S 


^  -o   a 


S  a  s 


5     e« 


«  PS  Pi 


«  P5  «   1 


•?    &:   ?   C5   ^ 


h5  -3   ^  5  "^  S 


v^  iJ  -a  ^ 
=2  ~   "  ^ 


S 
.  o 

s  « 
H-)    a 


-  s  a   _  _ 


H  ^  ^  a?  h;  ^  ea  >g  ^  ^  ^  H  d  w 


g  fe  ft- 
d  ^  ^ 

d   Eu   b 


O  f!  OS 

S  s:  a 

X  -^  o 

a  d  ■<! 


#    o   o 
I  5  « 


S    -  ® 


o 


o  =  <« 

B  a  s 

H  ^  O 


<!  >?  H  eq 


IS 


•^  a 


J3      ^ 
I    ^. 

3  ;?5 

5d 


^^ 


o    £ 

a  CO 
<  d 


3  >«  # 

■    a.    • 


ei      cs  -7 

ca  p;  -^ 

•  CD       .. 

Q  Q  -3  •? 

•sj  <!  hJ 


5)  .5 
H  Hi 


#  •   "2 

^  -^  c 

<U  «     S 

■  fe  £:    2 


bo 


a  u 


-     <       OS 
00      C?     '^ 


G     <0     <0 


"       °^     ^     1^      ■"      00 
!•?    >-5    <!     -^i    «)    M 


O     O 


S   £?  g  ^  O 


a  =: 


H  < 


£    tJ 


CO  y 


■1  O  ^  O 


g  «  a  -i  J  ^  , 


"O    fe    «  53 


*    S    >•  *  .1 


!*5   ^'■ 


2   "   !ii 
»    *»   "^ 


a   p 


5    e    - 
—     Be: 

P-    U   O 


S5    O 


^  £  <!!  :g  tt 


s  5 


It 

2  = 


V    s    a 

K  ca  pa 


If 

CO    tH 


5  a 


c  2  "o  -a 
rt    -    o    t- 

§§^5  5 


5  Q  &;  a 


s  3 


GoaoaoaooSaooooDaDosaoxaDcoaoaoaoS 


g  3  e;  S  "o  2*  g  §  S  §  ?h'  S  «  «  Iff  s*"  «  2"  ^  S  JS"  S  S 

^U)C    tcxti>."u    boti)bb"n    bobcbobibtibotisibotibo 


A  £  A  £  A 


•'^   -   _ 
SS  o  ^ 


i-H     ffl     M     ■^     lO     50     t-     CD     S     O     -H 


s  s:  Si  gi 


^1^2  a 

S^  S  onS 
fe  05  >-  =  ■£  S 

.«-g.3ao 
.p-Sbp^£ 

o  o  o  O  O.J 
0^  V  a;  0)  a;  u 
U  O  U  O  u  w 
A  A  cs  ce  es  CQ 

fto.c'Sc.S 

M  l-l  M  M  M  H 


«  <-  e  2  S  ft. 


'.^ES 


o  o  o  o  o  o 

m  V  V  01  V  0) 

U  V  u  u  u  o 

eQ  n  A  9S  rt  eQ 

p,  catC-AOt 

e  a  c  a  a  a 

w'-ii-ii-ii-ii-i 


fe  feist 

O  O  O  o  o  o 
V  V  U  V  u  u 
u  u  o  u  S  u 

K  IS  «  IS  R  « 

'p.c.  c-a  ca 
a  B  a  a  a  e 


xxu 


MEETINGS. 


^ 


<) 
>-( 
O 

o 

xn 

CO 

< 

H 

O 

m 
« 

o 

P^ 

O 


!Z5 
< 
w 
O 

t— ( 
H 


»;    Z    Z    ^ 

5aap3 


-<z2g 


S2 
SB 


00  O 


I    i^ 


■a    ~ 
is     o 


^   ^   ^   '*!  ^  B 

H    tt    W    ^    .^    W 
«    «    pi    W    CO 


O        O 

4   4 


1-.     Ph     — 
•I    &^     ^. 


4    o   u 


^  fc 


^  a 


„-  ^  S  "S 

g  a  p3  (^ 

x  d  tig  fe 

w  o  -sj  >-; 


O  Ul  li 

^  §  I 

»  >.  H 

■«i  •<  B 

H  6  sS 


,;    2    -S     b 


s  « 


t^    g 


•2    •? 


^       ^       So       00 


133 

§•  a 


5  M     S    P5 

d    p4    H    •-» 

6  d    4    6 


.3  I  I 

3     .■«     »i      3      o 

n   >c  <»  00  p) 


;::;    Si    S    M  ^  ^  ^ 

ec     M    u>    tS)  u  til  t« 

3       3       3       3  3  3  3 

«)  "^  -<  •< 


"<    <!    <1 


5    3   5   5. 
s;  »  S  S; 


■^  F  c 

MgSo 

"       CO  W 


•        4-       -V-       ■;- 


5»2a 

u  5^  a  ■- 
ioft.S 


ot<og 


«z2E 


cues 

«5.pO 


gs 


i  i  i  i  i  i 

a  <a  a  a  ta  m 

>      >  >  >  >  >  > 

CO         (n  OQ  CO  CO  CQ  QD 

^  ^  ^  ^  ^  ^  ^ 


B     P5 


I  I 

ph  a 

^  H 

Em  6 


2    .■§    2 

•3     g    to 


W    Pi    ■<) 


w    5  ^  5 


-a 

g  J- 

-g  -a 

s  -c 


•<    CS    h 


.2-  1  3 
!5  K  -« 
W    M    « 


.-     I 


H    <)    K    R 


P3   pa   d    S 
d  d  (4    >: 


^  ^.  ^  ^  ^    ^ 

fit4    ^    hi    fM    f«     bi 


u  '^    a  1 
B  ^  ^    & 

00  d«g 

s  s  Sri 

o    S    c  ■- 
S  S  S  o 

J3    -2    .O     O 

d    ^    d    o 

lH'l 

M    H   M   *J 

CO  o  <»  a 


"i  S'l- 
fi  h^  w  I 

a  o  O  tn  I 

=    »    o^   I 

C       „       g,      v      A 

I  I  I  |l 

^   'S  "S    d 

«  o  »  a 


o  «  S  rt 

w  Ji  •^  o 

<^  >M  *- 1„  ^ 

"  °  °  o  a 

g  g  S  P  3 


555| 

a   a   a   a 

■H   M   M   4 


MEETINGS. 


xxili 


H 

a 

o 

u 

0) 

I/J 

c 

c 

o 

u 

01 

00 

go 

— 

H 

C) 

§ 

s 
o 

en 

c; 

U 

o 

H 

'/J 

04 

H 

O 

P 

PS 

B 

O 

<< 

e 

o 

Ad 

«j 

o 

w 

,3^    -^ 


«!Ot^K^- 


si 


g  to  t»,  o   -  « 


O  — j;  C  S  a> 


QOOD  qS  00  ^  00 


00  n  OQ  OQ  OQ  99 


» 

M 

o 

e 

H 

U 

U 

V 

au 

aj 

Px 

0 

an 

Cd 

•< 

< 

H 

r 

y 

o 

u 

a> 

n 

C/J 

*5d 


T:b 


S  '■ 


dsu';?:c3£iid 


ff   ^  CO     . 


o  =  a      S  ® 


=  "  3  s  c  3 
Cu  >^  Ph  Bri  Q-i  P;^ 

^■^^^>*^ 


C  to 

•2  sills 

—  O  K  •*  CT3 

pae_§je^w 


2  •=  hT 


2 

t^>>t^>>>;. 

s 

CD 

OS 

S^^^^^ 

H^tJlJhJhJ 

2 

SSSES 

H 

.5.2.5.5.5 

•    <n      2        t^    \ 

M 
C 

o 

Hough  ,8 
umming 

Smiley, 
Smiley, 
Alvord, 

Lazenb 

CO 

«^^'^w« 

- 

fct^ddtt^ 

«  « 

«-■      ^         01 

i»"a5S  .-°'. 

a 

c.S.S'S  SS 

c 

oi  a>  aj    -^S^ 

cc 

f^KWE^d 

dddw-<id 

iT      b 

:5 

a    ^*2» 

e 

^C^B"    , 

O  «  O  =3 

OD 

S5 
O 

CO 

S-aS 

(§5dJ&: 

H 

Xl 

»     ^ 

H 

e<         O 

ts 

b 

«  i'A^cS 

h 

O 

a 
o 

. '  <!>  0)  Ji  3  « 

?5 

S<w<!idW 

— 

PaJdi^  1^1-5 

uT        j;  _»  «> 

K 

» 

ia~  -tfE^a 

00 

s 

=  .2  5  X  >.  > 
=  ;=  •-  x>  OS  OS 

^•^IsSQ 

w<^-^W^S 

- 

W-^ediafe 

^ 

3 

Q 

£ 

.ajija  o  «'0 

O 

^xi^^ti^  a 

'^'"'a  03  . 
pawpQHiia 

6 

►^•►^^id^d 

^hJBfa^ 

■t_ 

1 

a     g. 
■a    .►"-■J 

8.00!  =  ° 


la  ••§ 

a  D.£  «"5 

sssssa 

gg8*88 

S  a   BO  O  d 

limi 

".-21 


sa 


88«|g?| 

lllllf» 

c,  ^  «,  «  ^B  j 


COMMONWEALTH  OF  MASSACHUSETTS. 


IN  THE  YEAR  ONE  THOUSAND  EIGHT  HUNDRED  AND  SEVENTY-FOUR. 
AK    ACT 

To  Incorporate    the    "American    Association    fob  the 
Advancement  op  Science." 

Be  it  enacted  by  the  Senate  and  House  of  Bepresentatives,  in  General  Court 
assembled,  and  by  the  authority  of  the  same,  as  follows: 
Section  1.  Joseph  Henry  of  Washington,  Benjamin  Pierce  of  Cam- 
bridge, James  D.  Dana  of  New  Haven,  James  Hall  of  Albany,  Alexis 
Caswell  of  Providence,  Stephen  Alexander  of  Princeton,  Isaac  Lea  of 
Philadelphia,  F.  A.  P.  Barnard  of  New  Yorli,  John  S.  Newberry  of  Cleve- 
land, B.  A.  Gould  of  Cambridge,  T.  Sterry  Hunt  of  Boston,  Asa  Gray  of 
Cambridge,  J.  Lawrence  Smith  of  Louisville,  Joseph  Lovering  of  Cam- 
bridge and  John  LeConte  of  Philadelphia,  their  associates,  the  officers 
and  members  of  the  Association,  known  as  the  "  American  Association 
for  the  Advancement  of  Science,"  and  their  successors,  are  hereby  made 
a  corporation  by  the  name  of  the  "American  Association  for  the 
Advancement  of  Science,"  for  the  purpose  of  receiving,  purchasing, 
holding  and  conveying  real  and  personal  property,  which  it  now  is,  or 
hereafter  may  be,  possessed  of,  with  all  the  powers  and  privileges,  and 
subject  to  the  restrictions,  duties  and  liabilities  set  forth  in  the  general 
laws  which  now  or  hereafter  may  be  in  force  and  applicable  to  such  cor- 
porations. 

Section  2.  Said  corporation  may  have  and  hold  by  purchase,  grant, 
gift  or  otherwise,  real  estate  not  exceeding  one  hundred  thousand 
dollars  in  value,  and  personal  estate  of  the  value  of  two  hundred  and 
fifty  thousand  dollars. 

Section  3.    Any  two  of  the  corporators  above  named  are   hereby 
authorized  to  call  the  first  meeting  of  the  said  corporation  In  the  month 
•>{  August  next  ensuing,  by  notice  thereof  "  by  mail,"  to  each  member  of 
the  said  Association. 
Section  4.    This  act  shall  take  efi'ect  upon  its  passage. 

House  of  Representatives,  March  10,  1874. 
Passed  to  be  enacted, 

John  E.  Sanford,  Speaker. 
In  Senate,  March  17,  1874. 

Passed  to  be  enacted,  March  19, 1874. 

Geo.  B.  Loring,  President.  Approved, 

W.  B.  WASHBxmir. 
Secretary's  Department, 
Boston,  April  3,   1874. 

A  true  copy.  Attest: 

David  Pulsifer, 
Deputy  Secretary  of  the  Commonwealth. 


CONSTITUTION 


OF   THE 


AMERICAN  ASSOCIATION  FOR   THE  ADVANCEMENT 
OF  SCIENCE. 

Incorporated  by  Act  of  the  General  Court  of  the  Commonwealth  of  Massachusetts. 


Objects. 


Articlk  1.  The  objects  of  the  Association  are,  by  periodical  and  mi- 
gratory meetings,  to  promote  intercourse  between  those  who  are  culti- 
vating science  in  different  parts  of  America,  to  give  a  stronger  and  more 
general  impulse  and  more  systematic  direction  to  scientific  research,  and 
to  procure  for  the  labors  of  scientific  men  increased  facilities  and  a  wider 
usefulness. 

Membeiis,  Fellows,  Patrons  and  Honorary  Fellows. 

Art.  2.  The  Association  shall  consist  of  Members,  Fellows,  Patrons, 
and  Honorary  Fellows. 

Art.  3.  Any  person  may  become  a  Member  of  the  Association  upon 
recommendation  In  writing  by  two  members  or  fellows,  and  election  by 
the  Council. 

Art.  4.  Fellows  shall  be  elected  by  the  Council  from  such  of  tlie  mem- 
bers as  are  professionally  engaged  in  science,  or  have  by  their  labors 
aided  In  advancing  science.  The  election  of  fellows  shall  be  by  ballot 
and  a  majority  vote  of  the  members  of  the  Council  at  a  designated  meet- 
ing of  the  Council. 

Art.  6.  Any  person  paying  to  the  Association  the  sum  of  one  thousand 
dollars  sliall  be  classed  as  a  Patron,  and  sliall  be  entitled  to  all  the  privi- 
leges of  a  member  and  to  all  its  publications. 

Art.  6.  Honorary  Fellows  of  the  Association,  not  exceeding  three  for 
each  section,  may  be  elected ;  the  nominations  to  be  made  Ijy  the  Council 
and  approved  by  ballot  In  the  respective  sections  before  election  by  ballot 
in  General  Session.    Honorary  Fellows  shall  be  entitled  to  all  the  prlvi- 
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leges  of  Fellows  and  shall  be  exempt  from  all  fees  and  assessments,  and 
entitled  to  all  publications  of  the  Association  issued  after  the  date  of 
their  election. 

Art.  7.  The  name  of  any  member  or  fellow  two  years  in  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  the  Association,  provided  that 
two  notices  of  indebtedness,  at  an  interval  of  at  least  three  months,  shall 
have  been  given;  and  no  such  person  shall  be  restored  until  he  has  paid 
his  arrearages  or  has  been  reelected.  The  Council  shall  have  power  to 
exclude  from  the  Association  any  member  or  fellow,  on  satisfactory  evi- 
dence that  said  member  or  fellow  is  an  improper  person  to  be  connected 
with  the  Association,  or  has  in  the  estimation  of  the  Council  made  im- 
proper use  of  his  membership  or  fellowship. 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organization  of,  or 
hold  office  in,  more  than  one  section  at  any  one  meeting. 

Officers. 
Art.  9.  The  Officers  of  the  Association  shall  be  elected  by  ballot  in 
General  Session  from  the  fellows,  and  shall  consist  of  a  President,  a  Vice 
President  from  each  section,  a  Permanent  Secretary,  a  General  Secretary, 
a  Secretary  of  the  Council,  a  Treasurer,  and  a  Secretary  of  each  Section ; 
these,  with  the  exception  of  the  Permanent  Secretary,  shall  be  elected  at 
each  meeting  for  the  following  one,  and,  with  the  exception  of  the  Treas- 
urer and  the  Permanent  Secretary,  shall  not  be  reeligible  for  the  next  two 
meetings.    The  term  of  office  of  Permanent  Secretary  shall  be  five  years. 

Art.  10.  The  President,  or,  in  his  absence,  the  senior  Vice  Prasident 
present,  shall  preside  at  all  Genei-al  Sessions  of  the  Association  and  at  all 
meetings  of  the  Council.  It  shall  also  be  the  duty  of  the  President  to 
give  an  address  at  a  General  Session  of  the  Association  at  the  meeting 
following  that  over  which  he  presided. 

Art.  11.  The  Vice  Presidents  shall  be  the  chairmen  of  their  respective 
Sections,  and  of  their  Sectional  Committees,  and  it  shall  be  part  of  their 
duty  to  give  an  address,  each  before  his  own  section,  at  such  time  as  the 
Council  shall  determine.  The  Vice  Presidents  may  appoint  temporary 
chairmen  to  preside  over  the  sessions  of  their  sections,  but  shall  not  del- 
egate their  other  duties.  The  Vice  Presidents  shall  have  seniority  in 
order  of  their  continuous  membership  in  the  Association. 

Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all  General 
Sessions  of  the  Association,  and  shall  keep  a  record  of  the  business  of 
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these  sessions.  He  shall  receive  the  records  from  the  Secretaries  of  the 
Sections,  which,  after  examination,  he  shall  transmit  with  his  own  records 
to  the  Permanent  Secretary  within  two  weeks  after  the  adjournment  of 
the  meeting. 

Art.  13.  The  Secretary  of  the  Council  shall  keep  the  records  of  the 
Council.  He  shall  give  to  the  Secretary  of  each  Section  the  titles  of 
papers  assigned  to  it  by  the  Council.  He  shall  receive  propo'sals  for  mem- 
bership and  bring  them  before  the  Council. 

Art.  H.  The  Permanent  Secretary  shall  be  the  executive  officer  of  the 
Association  under  the  direction  of  tlie  Council.  He  shall  attend  to  all 
business  not  specially  referred  to  committees  nor  otherwise  constitution- 
ally provided  for.  He  shall  keep  au  account  of  all  business  that  he  has 
transacted  for  the  Association,  and  make  annually  a  general  report  for 
publication  in  the  annual  volume  of  Proceedings.  He  shall  attend  to  the 
printing  and  distribution  of  the  annual  volume  of  Proceedings,  and  all 
other  printing  ordered  by  the  Association.  He  shall  issue  a  circular  of 
information  to  members  and  fellows  at  least  three  months  before  each 
meeting,  and  shall,  in  connection  with  the  Local  Committee,  make  all 
necessary  arrangements  for  the  meetings  of  the  Association.  He  shall 
provide  the  Secretaries  of  the  Association  with  such  books  and  stationery 
as  may  be  required  for  their  records  and  business,  and  shall  provide  mem- 
bers and  fellows  with  such  blank  forms  as  may  be  required  for  facilitating 
the  business  of  the  Association.  He  shall  collect  all  assessments  and  ad- 
mission fees,  and  notify  members  and  fellows  of  their  election,  and  of  any 
arrearages.  He  shall  receive,  and  bring  before  the  Council,  the  titles  and 
abstracts  of  papers  proposed  to  be  read  before  the  Association.  He  shall 
keep  an  account  of  all  receipts  and  expenditures  of  the  Association,  and 
report  the  same  annually  at  the  first  meeting  of  the  Council,  and  shall  pay 
over  to  the  Treasurer  such  unexpended  funds  as  the  Council  may  direct. 
He  shall  receive  and  hold  In  trust  for  the  Association  all  books,  pamphlets 
and  manuscripts  belonging  to  the  Association,  and  allow  the  use  of  the 
same  under  the  provisions  of  the  Constitution  and  the  orders  of  the 
Council.  He  shall  receive  all  communications  addressed  to  the  Associa- 
tion during  the  interval  between  meetings,  and  properly  attend  to  the 
samo.  He  shall  at  each  meeting  report  the  names  of  fellows  and  members 
who  have  died  since  the  preceding  meeting.  He  shall  be  allowed  a  salary 
which  shall  be  determined  by  the  Council,  and  may  employ  one  or  more 
clerks  at  such  compensation  as  may  be  agreed  upon  by  the  CounciL 


XXVlil  CONSTITUTION. 

AuT.  15.  The  Treasurer  shall  invest  the  funds  received  by  him  in  such 
securities  as  may  be  directed  by  the  Council.  He  shall  annually  present 
to  the  Council  an  account  of  the  funds  in  his  charge.  No  expenditure  of 
the  principal  in  the  hands  of  the  Treasui-er  shall  be  made  without  a  unan- 
imous vote  of  the  Council,  and  no  expenditure  of  the  income  received  by 
the  Treasurer  shall  be  made  without  a  two-thirds  vote  of  the  Council. 

Art.  1G.  The  Secretaries  of  the  Sections  shall  keep  the  records  of 
their  respective  sections,  and,  at  the  close  of  the  meeting,  give  the  same, 
including  the  records  of  subsections,  to  the  General  Secretary.  They 
shall  also  be  the  Secretaries  of  the  Sectional  Committees.  The  Secre- 
taries shall  have  seniority  in  order  of  their  continuous  membership  in  the 
Association. 

Art.  17.  In  case  of  a  vacancy  in  the  office  of  the  President,  one  of  the 
Vice  Presidents  shall  be  elected  by  the  Council  as  the  President  of  the 
meeting.  Vacancies  in  the  offices  of  Vice  President,  Permanent  Secre- 
tary, General  Secretary,  Secretary  of  the  Council,  and  Treasurer,  shall  be 
filled  by  nomination  of  the  Council  and  election  by  ballot  in  General  Ses- 
sion. A  vacancy  in  the  office  of  Secretary  of  a  Section  shall  be  filled  by 
nomination  and  election  by  ballot  in  the  Section. 

Art.  18.  The  Council  shall  consist  of  the  past  Presidents,  and  the 
Vice  Presidents  of  the  last  meeting,  together  with  the  President,  the  Vice 
Presidents,  the  Permanent  Secretary,  the  General  Secretary,  the  Secretary 
of  the  Council,  the  Secretaries  of  the  Sections,  and  the  Treasurer  of  the 
current  meeting,  with  the  addition  of  one  fellow  elected  from  each  Sec- 
tion by  ballot  on  the  first  day  of  its  meeting.  The  members  present  at 
any  regularly  called  meeting  of  the  Council,  provided  there  are  at  least 
'five,  shall  form  a  quorum  for  the  transaction  of  business.  The  Council 
shall  meet  on  the  day  preceding  each  annual  meeting  of  the  Association, 
and  arrange  the  programme  for  the  first  day  of  the  sessions.  The  time 
and  place  of  this  first  meeting  shall  be  designated  by  the  Permanent  Sec- 
retary. Unless  otherwise  agreed  upon,  regular  meetings  of  the  Council 
shall  be  held  in  the  council  room  at  9  o'clock,  a.m.,  on  each  day  of  the 
meeting  of  the  Association.  Special  meetings  of  the  Council  may  be 
called  at  any  time  by  the  President.  The  Council  shall  be  the  board  of 
supervision  of  the  Association,  and  no  business  shall  be  transacted  by  the 
Association  that  has  not  first  been  referred  to,  or  originated  with,  the 
Council.  The  Council  shall  receive  and  assign  papers  to  the  x'espective 
sections ;  examine  and,  if  necessary,  exclude  papers ;  decide  which  papers. 
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discussions  and  other  proceedings  shall  be  published,  and  have  the  general 
direction  of  the  publications  of  the  Association;  manage  the  financial 
aflfairs  of  the  Association ;  arrange  the  business  and  programmes  for  Gen- 
eral Sessions ;  suggest  subjects  for  discussion,  Investigation  or  reports ; 
elect  members  and  fellows ;  and  receive  and  act  upon  all  invitations  ex- 
tended to  the  Association  and  report  the  same  at  a  General  Session  of 
the  Association.  The  Council  shall  receive  all  reports  of  Special  Com- 
mittees and  decide  upon  them,  and  only  such  shall  be  read  in  General 
Session  as  the  Council  shall  direct.  The  Council  shall  appoint  at  cacli 
meeting  the  following  sub-committees  who  shall  act,  subject  to  appeal 
to  the  whole  Council,  until  their  successors  are  appointed  at  the  follow- 
ing meeting:  1,  on  Papers  and  Reports;  2,  on  Members;  3,  on  Fellows. 

Art.  19.  The  Nominating  Committee  shall  consist  of  the  Council,  and 
one  member  or  fellow  elected  by  each  of  the  Sections.  It  shall  be  the  duty 
of  this  Committee  to  meet  at  the  call  of  the  President  and  nominate  the 
general  officers  for  the  following  meeting  of  the  Association.  It  shall  also 
be  the  duty  of  this  Committee  to  recommend  the  time  and  place  for  the 
next  meeting.  The  Vice  President  and  Secretary  of  each  Section  shall 
be  recommended  to  the  Nominating  Committee  by  a  sub-committee  con- 
sisting of  the  Vice  President,  Secretary,  and  three  members  or  fellows 
elected  by  the  Section. 

Meetings. 

Art.  20.  The  Association  shall  hold  a  public  meeting  annually,  for  one 
week  or  longer,  at  such  time  and  place  as  may  be  determined  by  rote  of 
the  Association,  and  the  preliminary  arrangements  for  each  meeting  shall 
be  made  by  the  Local  Committee,  in  conjunction  with  the  Permanent  Sec- 
retary and  such  other  persons  as  the  Council  may  designate. 

Art.  21.  A  General  Session  shall  be  held  at  10  o'clock  a.  m.,  on  the  first 
day  of  the  meeting,  and  at  such  other  times  as  the  Council  may  direct. 

Sections  and  Subsections. 
Art.  22.  The  Association  shall  be  divided  into  Sections,  namely : — 
A,  Mathcmatias  and  Astronomy ;  B,  Physics;  C,  Chemistry^  including  Us 
application  to  agriculture  and  the  arts;  D,  Mechanical  Science  and  Engi- 
neering;  E,  Geology  and  Geography;  F,  Biology;  [G,  united  to  section  F]  ; 
H,  Anthropology ;  I,  Economic  Science  and  Statistics.  The  Council  shall 
have  power  to  consolidate  any  two  or  more  Sections  temporarily,  and 
such  consolidated  Sections  shall  be  presided  over  by  the  senior  Vice  Pres- 
ident and  Secretary  of  the  Sections  comprising  it. 
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Art.  23.  Immediately  on  the  organization  of  a  Section  there  shall  be 
three  fellows  elected  by  ballot  after  open  nomination,  who,  witb  the  Vice 
President  and  Secretary,  shall  form  its  Sectional  Committee.  The  Sec- 
tional Committees  shall  have  power  to  fill  vacancies  in  their  own  numbers. 
Meetings  of  the  Sections  shall  not  be  held  at  the  same  time  with  a  General 
Session. 

Art.  24.  The  Sectional  Committee  of  any  Section  may  at  its  pleasure 
form  one  or  more  temporary  Subsections,  and  may  designate  the  officers 
thereof.  The  Secretary  of  a  Subsection  shall,  at  the  close  of  the  meeting, 
transmit  his  records  to  the  Secretary  of  the  Section. 

Art.  25.  A  paper  shall  not  be  read  in  any  Section  or  Subsection  until 
it  has  been  received  from  the  Council  and  placed  on  the  programme  of  the 
day  by  the  Sectional  Committee. 

Sectional  Committees. 

Art.  26.  The  Sectional  Committees  shall  arrange  and  direct  the  busi- 
ness of  their  respective  Sections.  They  shall  prepare  the  daily  pro- 
grammes and  give  them  to  the  Permanent  Secretary  for  printing  at  the 
earliest  moment  practicable.  No  titles  of  papers  shall  be  entered  on  the 
daily  programmes  except  such  as  have  passed  the  Council.  No  change 
shall  be  made  in  the  progi'amme  for  the  day  in  a  Section  without  the  con- 
sent of  the  Sectional  Committee.  The  Sectional  Committees  may  refuse 
to  place  the  title  of  any  paper  on  the  programme ;  but  every  such  title, 
with  the  abstract  of  the  paper  or  the  paper  itself,  must  be  returned  to 
the  Council  with  the  reasons  why  it  was  refused. 

Art.  27.  The  Sectional  Committees  shall  examine  all  papers  and  ab- 
stracts referred  to  the  sections,  and  they  shall  not  place  on  the  programme 
any  paper  inconsistent  with  the  character  of  the  Association;  and  to  this 
end  they  have  power  to  call  for  any  paper,  the  character  of  which  may  not 
be  sufficiently  understood  from  the  abstract  submitted. 
Papers  and  Communications. 

Art.  28.  All  members  and  fellows  must  forward  to  the  Permanent 
Secretary,  as  early  as  possible,  and  when  practicable  before  the  conven- 
ing of  the  Association,  full  titles  of  all  the  papers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery,  and  also  such  abstracts  of  their  contents  as  will  give 
a  general  idea  of  their  nature ;  and  no  title  shall  be  referred  by  the  Coun- 
cil to  the  Sectional  Committee  until  an  abstract  of  the  paper  or  the  paper 
itself  has  been  received. 

Art.  29.  If  the  author  of  any  paper  be  not  ready  at  the  time  assigned, 
the  title  may  be  dropped  to  the  bottom  of  the  list. 
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Art.  30.  Whenever  practicable,  the  proceedings  and  discussions  at 
General  Sessions,  Sections  and  Subsections  shall  be  reported  by  profes- 
sional reporters,  but  such  reports  shall  not  appear  in  print  as  the  official 
reports  of  the  Association  unless  revised  by  the  Secretaries. 

Printed  Pkoceedings. 

Art.  31.  The  Permanent  Secretary  shall  have  the  Proceedings  of  each 
meeting  printed  in  an  octavo  volume  as  soon  after  the  meeting  as  possible, 
beginning  one  mouth  after  adjournment.  Authors  must  prepare  their 
papers  or  abstracts  ready  for  the  press,  and  these  must  be  in  the  hands  of 
the  Secretaries  of  the  Sections  before  the  final  adjournment  of  the  meeting, 
otherwise  only  the  titles  will  appear  in  the  printed  volume.  The  Council 
shall  have  power  to  order  the  printing  of  any  paper  by  abstract  or  title 
only.  Whenever  practicable,  proofs  shall  be  forwarded  to  authors  for 
revision.  If  any  additions  or  substantial  alterations  are  made  by  the 
author  of  a  paper  after  its  submission  to  the  Secretary,  the  same  shall  be 
distinctly  Indicated.  Illustrations  must  be  provided  for  by  the  authors  of 
the  papers,  or  by  a  special  appropriation  from  the  Council.  Immediately 
on  publication  of  the  volume,  a  copy  shall  be  forwarded  to  every  mem- 
ber and  fellow  of  the  Association  who  shall  have  paid  the  assessment  for 
the  meeting  to  which  it  relates,  and  it  shall  also  be  offered  for  sale  by  the 
Permanent  Secretary  at  such  price  as  may  be  determined  by  the  Council. 
The  Council  shall  also  designate  the  institutions  to  which  copies  shall  be 
distributed. 

Local  Committee. 

Art.  32.  The  Local  Committee  shall  consist  of  persons  interested  in 
the  objects  of  the  Association  and  residing  at  or  near  the  place  of  the 
proposed  meeting.  It  is  expected  that  the  Local  Committee,  assisted  by 
the  officers  of  the  Association,  will  make  all  essential  arrangements  for 
the  meeting,  and  issue  a  circular  giving  necessary  particulars,  at  least  one 
month  before  the  meeting. 

Library  of  tiie  Association. 
Art.  33.  All  books  and  pamplilets  received  by  the  Association  shall  be 
in  the  charge  of  the  Permanent  Secretary,  who  shall  have  a  list  of  the 
same  printed  and  shall  furnish  a  copy  to  any  member  or  fellow  on  appli- 
cation. Members  and  fellows  who  have  paid  their  assessments  in  full 
shall  be  allowed  to  call  for  books  and  pamphlets,  which  shall  be  delivered 
to  them  at  their  expense,  on  their  giving  a  receipt  agreeing  to  make  good 
any  loss  or  damage  and  to  return  the  same  free  of  expense  to  the  Secre- 
tary at  Uie  time  specified  in  the  receipt  given.    All  books  and  pamphlets 
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in  circulation  mast  be  returned  at  each  meeting.  Not  more  than  five  books, 
including  volumes,  parts  of  volumes,  and  pamphlets,  shall  be  held  at  one 
time  by  any  member  or  fellow.  Any  book  may  be  withheld  from  circu- 
lation by  order  of  the  Council. 

Admission  Fee  and  Assessments. 

Art.  34.  The  admission  fee  for  members  shall  be  five  dollars  in  addi- 
tion to  the  annual  assessment.  On  the  election  of  any  member  as  a  fellow 
an  additional  fee  of  two  dollars  shall  be  paid. 

Art.  35.  The  annual  assessment  for  members  and  fellows  shall  be  three 
dollars. 

Art.  3G.  Any  member  or  fellow  who  shall  pay  the  sum  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  become  a  Life  Member  and  as 
such  shall  be  exempt  from  all  further  assessments,  and  shall  be  entitled 
to  the  Proceedings  of  the  Association,  All  money  thus  received  shall  be 
invested  as  a  permanent  fund,  the  income  of  which,  during  the  life  of  the 
member,  shall  form  a  part  of  the  general  fund  of  the  Association ;  but, 
after  his  death,  shall  be  used  only  to  assist  in  original  research,  unless 
otherwise  directed  by  unanimous  vote  of  the  Council. 

Art.  37.  All  admission  fees  and  assessments  must  be  paid  to  the  Per- 
manent Secretary,  who  shall  give  proper  receipts  for  the  same. 

Accounts. 
Art.  38.     The  accounts  of  the  Permanent  Secretary  and  of  the  Treas- 
urer shall  be  audited  annually,  by  Auditors  appointed  by  the  Council. 

Alterations  of  the  Constitution. 
Art.  39.    No  part  of  this  Constitution  shall  be  amended  or  annulled, 
without  the  concurrence  of  three-fourths  of  the  members  and  fellows 
present  in  General  Session,  after  notice  given  at  a  General  Session  of  a 
preceding  meeting  of  the  Association. 


ORDER  OF  PROCEEDINGS  IN  ORGANIZING  A  MEETING. 

1.  The  retiring  President  introduces  the  President  elect,  who  talccs  the  chair. 

2.  Formalities  of  welcome  of  the  Association  as  may  be  arranged  by  the  Local 
Committee. 

3.  Report  of  the  list  of  papers  entered  and  their  reference  to  the  Sections. 

4.  Other  reports. 

5.  Announcements  of  an-angements  by  the  Local  Committee. 

6.  Announcements  of  Elections  by  the  Council. 

7.  Unenumerated  business. 

8.  Adjournment  to  meet  in  Sections. 

This  order,  so  far  as  applicable,  to  be  followed  in  subsequent  General  Sessions. 


MEMBERS 


AMERICAN    ASSOCIATION 

FOR  THE 

ADVANCEMENT  OF  SCIENCE.^ 


PATRONS.' 


Thompson,  Mrs.  Elizabeth,  Stamford,  Conn.  (22). 

Lilly,  Gkn.  William,  Mauch  Chunk,  Carbon  Co.,  Pa.  (28).   P  B 

Herrman,  Mrs.  Esther,  59  West  66th  St.,  New  York,  N.  Y.  (29). 

MEMBERS.' 

Abbe,  Robert,  11  W.  50th  St.,  New  York,  N.  Y.  (36). 

Abbott,  James,  1509  Locust  St.,  Philadelphia,  Pa.  (34"). 

Abert,  S.  Thayer,  810  19th  St.,  N.  W.,  Washington,  D.  C.  (30).   A  B  D 

EI 
Adams,  Chas.  Francis,  High  School,  Detroit,  Mich.  (34).  CB 
Adams,  W.  H.,  Consulting  Engineer,  71  Wall  St.,  New  York,  N.  Y.  (36). 
Agard,  Dr.  A.  H.,  1259  Alice  St.,  Oakland,  Alameda  Co.,  Cal.  (28). 
Aher,  Mrs.  Mary  R.  Ailing,  Waterbury,  Conn.  (29).  EEC 
Alberger,  Louis  R.,  1181  Delaware  Ave.,  Buffalo,  N.  Y.  (35).  O 
Alden,  Jno.,  Pacific  Mills,  Lawrence,  Mass.  (36). 

» The  numbers  in  parentheses  indicate  the  meeting  at  which  the  member  was  elected. 
The  bliiclc  letters  at  the  end  of  line  indicate  tiie  sections  to  which  members  elect  to  be- 
long. Tlie  Constitution  requires  that  tlie  names  of  all  members  two  or  more  years  in 
arrears  shall  be  omitted  fi'ora  the  list,  but  their  names  will  be  restored  on  payment  of 
arrearages.  Members  not  in  arrears  are  entitled  to  the  annual  volume  of  Proceedings 
bound  in  paper.  The  payment  of  ten  dollars  at  one  time  entitles  a  member  to  the  subse- 
quent  volumes  to  which  he  may  be  entitled,  bound  in  cloth,  or  by  the  payment  of  twenty 
dollars,  to  such  volumes  bound  in  half  morocco. 

'  Persons  contributing  one  thousand  dollars  or  more  to  the  Association  are  classed 
as  Patrons,  and  are  entitled  to  the  privileges  of  members  and  to  the  publications. 

The  names  of  Patrons  are  to  remain  permanently  on  the  list. 

•Any  Member  or  Fellow  may  become  a  Life  Member  by  tiie  payment  of  fifty  dollars. 
The  income  of  the  money  derived  from  a  Life  Membei'ship  is  used  for  the  general  pur- 
poses of  the  Association  during  the  life  of  the  member;  afterwards  it  is  to  be  used  to 
aid  in  original  research.  Life  Members  are  exempt  from  the  annual  assessment,  and 
are  entitled  to  the  annual  volume.  Tlie  names  of  Life  Members  are  printed  in  small 
capitals  in  the  regular  list  of  Members  and  Fellows. 
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Alexander,  Miss  Jane,  Jamaica  Plain,  Mass.  (33).   P 

Allderdice,  Wm.  H.,   U.  S.  Navy,  care  Navy  Department,   Wasliington, 

D.  C.   (33).  D 
Allen,  Addison,  50  Wall  St.,  New  York,  N.  Y.  (36). 
Allen,  Dudley  P.,  177  Euclid  Ave.,  Cleveland,  Ohio  (36)  F 
Allen,  Henry  C,  M.D.,  Ann  Arbor,  Mich.  (34).     C  P 
Allen,  J.  M.,  Hartford,  Conn.  (22).    D 
Allen,  W.  F.,  46  Bond  St.,  New  York,  N.  Y.  (36). 
Alvord,  Benjamin,  2nd  Lt.  20th  Infantry,  U.  S.  A.,    Fort  Leavenworth, 

Kan.  (33).  A 
Anderson,  Newton  M.,  371  Sibley  St.,  Cleveland,  Ohio  (30).  B 
Angell,  Geo.  W.  J.,  44  Hudson  St.,  New  York,  N.  Y.  (36). 
Ansley,  Clark  F.,  Svvedona,  Mercer  Co.,  111.  .(32).  E  H 
Antisell,  Thomas,  M.D.,  1311  Q  St.,  N.W.,  Washington,  D.  C.  (33).  C  B 
Appleton,    Rev.    Edw.   W.,   D.D.,  Ashbourne  P.  0.,   Montgomery   Co., 

Pa.  (28). 
Archambault,  U.  E.,  P.  0.  box  1944,  Montreal,  Can.  (31). 
Arey,  Albert  L.,  Free  Academy,  Rochester,  N.  Y.  (35).  B  O 
Arms,  Walter  F.,  Punxsutawney,  Jefferson  Co.,  Pa.  (35). 
Atkinson,  Charles  Heath,  Brookline,  Mass.  (34).  D  I 
Atkinson,  Jno.  B.,  Earlington,  Hopkins  Co.,  Ky.  (26).  D 
Atterbury,  Rev.  Anson  Phelps,  115  W.  87th  St.,  New  York,  N.  Y.  (36).  E 
Atwell,  Charles  B.,  461  Emerson  St.,  Evanston,  111.  (36).  P 
Atwood,  E.  S.,  East  Orange,  N.  J.  (29).  P 
Austin,  Wm.,  65  Union  Place,  New  York,  N.  Y.  (36). 
Avery,  Samuel  P.,  4  E.  38th  St.,  New  York,  N.  Y.   (36). 

Baba,  Tatui,  126  W.  42nd  St.,  New  York,  N.  Y.  (36).  H 

Babbitt,  Miss  Franc  E.,  Lock  Box  1284,  Cold  water,  Mich.  (32).  H  I 

Babcock,  Geo.  H.,  30  Cortlandt  St.,  New  York,  N.  Y.  (33).  D 

Bacon,  Prof.  Chas.  A.,  Observatory  Beloit  College,  Beloit,  Wis.  (36)  A 

Bailey,  E.  H.  S.,  Lawrence,  Douglas  Co.,  Kan.  (25).  C  E 

Bailey,  Prof.  Liberty  H.,  jr..  Agricultural  College,  Mich.  (34).  F 

Baker,  Achbor  J.,  Ann  Arbor,  Mich.  (34).  PHI 

Baker,  Henry  Brooks,  726  Ottawa  St.,  Lansing,  Mich.  (34).   P  O  I  B 

Baker,  Prof.  I.  O.,  Univ.  of  Illinois,  Champaign,  111.  (30.)  A  D 

Baker,  Richard  D.,  1414  Arch  St.,  Philadelphia,  Pa.  (33).  E  O 

Baker,  Wm.  G.,  234  E.  15th  St.,  New  York,  N.  Y.  (36). 

Balderston,  C.  Canby,  Westtown,  Chester  Co.,  Pa.  (33).     B 

Baldwin,  Miss  Mary  A.,  Summer  Ave.,  Cor.  Kearney  St.,  Newark,  N.  J. 

(31).    B 
Baldwin,  Mrs.  S.,  3  Madison  Ave.,  Detroit,  Mich.  (34).     H 
Ballard,  Harlan  H.,  50  South  St.,  Pittsfleld,  Mass.  (31).     B   P 
Balliard,  Chas.,  Metropolitan  Museum  of  Art,  New  York,  N.  Y.  (36). 
Banes,  Charles  H.,  2021  Spring  Garden  St.,  Philadelphia,  Pa.  (31).    D 
Bangs,  Lemuel  Bolton,  M.D.,  127  E.  34th  St.,  New  York,  N.  Y.  (36). 
Barber,  John  N.,  1317  Hennepin  Ave.,  Minneapolis,  Minn.  (33).     P 


MEMBERS.  XXXV 

Barclay,  Robert,  A.M.,  M.D.,  8211  Lucas  Ave.,  St.  Louis,  Mo.  (30). 

Bardeen,  Francis  L.,  M.D.,  Box  76,  Onondaga  Hill,  N.  Y.    (32).  C  F  B 

Barge,  B.  F.,  Maucli  Chunli,  Pa.  (.H3). 

Barker,  Mrs.  Marlba  M.,  2«  Eleventh  St.,  Lowell,  Mass.  (31).  E  H 

Barnett,  J.  Davis,  Port  Hope,  Ontario,  Can.  (34).    D   B 

Barnum,  Miss  Charlotte  C,  144  Humphrey  St.,  New  Haven,  Conn.  (36).  A 

Barnum,  Thomas  K.,  144  Humplirey  St.,  New  Haven,  Conn.  (35).     E 

Barrett,  I) wight  H.,  B.  &  O.  R.  R.  Co.,  Baltimore,  Md.  (36). 

Bartlett,  John  W.,  M.I).,  149  \V.  94th  St.,  New  Yorli,  N.  Y.  (3G). 

Bartley,  Elias  H.,  M.D.,  401  Pacific  St.,  Broolvlyn,  N.  Y.  (33).  C 

Bassett,   Norman    C.,  Prof.    Mechanical   Engineering,  Iowa  College  of 

Agric.  and  Mechanical  Arts,  Ames,  Iowa  (35).  D 
Battershall,  Jesse  Parii,  402  Washington  St.,  New  York,  N.  Y.  (36). 
Batterson,  J.  G.,  Hartford,  Conn.  (23). 

Battle,  Herbert  B.,  N.  C.  Agric.  Exper.  Station,  Raleigh,  N.  C.  (33).  O 
Banr,  George,  New  Haven,  Conn.  (36). 
Baxter,  James  N.,  273  Henry  St..  Brooklyn,  N.  Y.  (36). 
Baxter,  Sylvester,  office  of  the  Herald,  Boston,  Mass.  (36).  H 
Baylor,  James  B.,  U.  S.  Coast  and  Geodetic  Survey  Office,  Washington, 

D.  C.   (33).  A 
Beach,  William  H.,  Madison,  Wis.  (21).     B   B 
Bean,  Thos.  E.,  Box  441,  Galena,  111.  (28).   F 

Beaudry,  J.  Alphonse  U.,  99  St.  James  St.,  Montreal,  Can.    (31).     D  B 
Beauregard,  Gen.  Gustave  T.,  359  St.  Charles  Avenue,  New  Orleans,  La. 

(30).  A  B 
Bechdolt,  Adolphus  F.,  Supt.  City  Schools,  Mankato,  Minn.   (32).  B  B  F 
Becker,  Dr.  Geo.  F.,  U.  S.  Geol.  Survey,  San  Francisco,  Cal.  (36).  B 
Belknap,  Morris  B.,  Louisville,  Ky.  (29).  H  B 
Belknap,  Wm.  B.,  Louisville,  Ky.  (29).     D 
Bkll,  C.  M.,  M.D.,  320  Fifth  Ave.,  New  York,  N.  Y.  (36). 
Benjamin,  E.  B.,  6  Barclay  St.,  New  York,  N.  Y.  (19).  B  C 
Bennett,  Prof.  Wm.  Z.,  Woostur,  Wayne  Co.,  Ohio  (33).  C 
Beveridge,  David,  145  Griswokl  St.,  Detroit,  Mich.  (33),    I 
Bien,  Julius,  139  Duane  St.,  New  York,  N.  Y.  (34).  B  H 
Bigelow,  Prof.  Frank  H.,  Racine,  Wis.  (36).  A 
Bigelow,  Otis,  605  7th  St.,  Washington,  D.  C.  (30).  H  F 
Bigelow,  Robert  P.,  Washington,  D.  C.  (32).   F  B 
Bill,  Charles,  Springfield,  Mass.  (17).  H  F  I 

Bingham,  Mrs.  Martha  A.,  Hotel  Brunswick,  Kansas  City,  Mo.  (32). 
Birge,  Charles  P.,  Keokuk,  Iowa  (29).  E 
Bishop,  Hkbkii  U.,  Mills  BuiUling,  New  York,  N.  Y.    (36). 
Bishop,  Irving  P.,  Chatham,  Columbia  Co.,  N.  Y.  (35).  B 
BiXBY,  Wm.  11.,  Wilmington,  N.  C.    (34).  D 
Blacklock,  Charles  11.,  Rugby,  Tenn.  (35). 
Blackwell,  Mrs.  A.  B.,  Elizabeth,  N.  J.  (30).  FOB 
Blaisdell,  F.  E.,  Coronado,  San  Diego  Co.,  Cal.  (29).    F 
Blake,  Francis  C,  Mansfield  Valley  P.O.,  Allegheny  Co.,  Pa.  (29).  C  B  D 


XXXVl  MEMBERS. 

Blake,  L.  I.,  Hyde  Park,  Mass.  (36). 

Blakslee,  Prof.  T.  M.,  Des  Moines,  Iowa  (31).    A 

Blankenburg,  Rudolf,  1326  Arch  St.,  Philadelphia,  Pa.  (33).  I 

Blatchford,  Eliphalet  W.,  375  La  Salle  Ave.,  Chicago,  111.  (17).  P 

Blish,  W.  G.,  Niles,  Mich.  (38).  B  D 

Blouut,  Henry  P.,  Evansville,  Vanderburg  Co.,  Ind.  (32).  I  B 

Blount,  Mrs.  Lucia  E.,  518  Unity  Square,  Kalamazoo,  Mich.  (34).  H  I 

Blue,  Archibald,  Ass't  Minister  of  Agric,  Toronto,  Can.   (35).  I 

Boas,  Dr.  Franz,  47  Lafayette  Place,  New  York,  N.  Y.  (36). 

Bohannan,  R.  W.,  University  of  Virginia,  Va.  (36). 

Booraem,  J.  V.  V.,  204  Lincoln  Place,  Brooklyn,  N.  Y.  (36). 

Booth,  Miss  Mary  A.,  Longmeadow,  Mass.  (34).  P  I 

Booth,  Samuel  C,  Longmeadow,  Mass.  (34).  B  I 

Bothwell,  Geo..  W.,  M.A.,  Southern  University,  New  Orleans,  La.  (36). 

Bourland,  Addison  M.,  M.D.,  Van  Buren,  Ark.  (29).  CEP 

Bourne,  Robert  W.,  Box  217,  Providence,  R.  I.  (34).  D 

Bowers,  Miss  Virginia  K.,  1  McCall  St.,  Memphis,  Tenn.  (27).   P  H  B  C 

Bowman,  Chas.  G.,  Lt.  U.  S.  N.,  care  Navy  Dept.,  "Washington,  D.C.  (33) 

Bowser,  Mrs.  Anna  C,  328  Third  St.,  Louisville,  Ky.  (33).     H 

Boyer,  Jerome  L.,  Sup't  Chestnut  Hill  Iron  Ore  Co.,  Reading,  Pa.  (35).  D 

Bradford,  Edward  H.,  M.D.,  150  Boylston  St.,  Boston,  Mass.  (29), 

Bradford,    Royal  B.,  Lt.  Comd'r,    U.  S.  N.,  care  of  Navy  Department, 

Washington,  D.  C.  (31).    B  D 
Braid,  Andrew,  U.  S.  Coast   and  Geodetic  Survey  Office,  Washington, 

D.  C.    (33).    C  B  A 
Braid,  James  W.,  Nashville,  Tenn.  (33). 
Braley,  Sam'l  T.,  Rutland,  Vt.  (33).    D  B 
Bransford,  John  Francis,  Surgeon  U.    S.   N.,    Smithsonian  Institution, 

Washington,  D.  C.  (36)  H  I 
Bray,  Prof.  C.  D.,  College  Hill,  Mass.  (29).  D  B 
Brayton,  Miss  Sarah  H.,  M.D.,  Evanston,  111.  (33). 
Breckinridge,  S.  M.,  P.  O.  Box  346,  St.  Louis,  Mo.  (27). 
Breidenbaugh,  Prof.  E.  S.,  Pennsylvania  College,  Gettysburg,  Pa.  (33).  O 
Brice,  Judge  Albert  G.,  122  Gravier  St.,  New  Orleans,  La.  (32).    H 
Brill,  Prof.  Charles  C,  Northfleld,  Vt.  (36).  F 
Bringhurst,  Prof.  W.  L.,  Agric.  and  Mechan.  College  of  Texas,  College 

Station,  Brazos  Co.,  Texas  (32). 
Bristol,  Wra.  H.,  Stevens  Institute,  Hoboken,  N.  Y.  (36).  A  B  D 
Britton,  Mrs.  N.  L.,  Columbia  College,  New  York,  N.  Y.  (31).  P 
Bromfield,  Rev.  Edw.  T.,  Glenbrook,  Fairfield  Co.,  Conn.  (33).  P  H 
Brooke,  Dr.  Emma  W.,  15th  and  Chestnut  Sts.,  Phila.,  Pa.    (33).   C  B 
Broomall,  Hon.  John  M.,  Media,  Delaware  Co.,  Pa.  (23).  A 
Brown,  Albert  P.,  Ph.D.,  501  Federal  St.,  Camden,  N.  J.  (33).  P  C 
Brown,  Miss  Anna  M.,  528  West  7th  St.,  Cincinnati,  Ohio  (31).  P 
Brown,  Prof.  C.  J.,  Clark  Univ.,  Atlanta,  Ga.  (31).  C  B 
Brown,  C.  Newton,  Ohio  State  Univ.,  Columbus,  Ohio  (34). 
Brown,  Fred.  G.,  Fort  Ann,  Washington  Co.,  N.  Y.  (31).  C  B 


MEMBERS. 


XXXVU 


Brown,  Rev.  Henry  M.,  East  Aurora,  Erie  Co.,  N.  Y.  (35).  F  O 

Brown,  Jonathan,  390  Broadway,  Somerville,  Mass.  (29). 

Brown,  Paul  Taylor,  2206  Green  St.,  Philadelphia,  Pa.  (33).    B 

Brownell,  Silas  B.,  71  Wall  St.,  New  York,  N.  Y.  (36). 

Brownell,  Prof.  Walter  A.,  125  Univ.  Ave.,  Syracuse,  N.  Y.  (30).  E  B  O 

Buck,  Henry  C,  West  Somerville,  Mass.  (29).  B 

Buckingham,  Chas.  L.,  195  Broadway,  New  York,  N.  Y.  (28). 

Buffum,  Miss  Fannie  A.,  Linden,  Mass.  (29).  B  C 

Bulloch,  Walter  H.,  99  W.  Monroe  St.,  Chicago,  111.  (30).  P 

Burchard,  Wm.  M.,  M.D.,  Uncasville,  Conn.  (33).     B 

Burke,  William,  U.  S.  Patent  Office,  Washington,  D.  C.  (28). 

Burnett,  Chas.  H.,  M.D.,  127  So.  18th  St.,  Philadelphia,  Pa.  (35).  F  B 

Burns,  Prof.  James  A.,  Box  456,  Atlanta,  Ga.  (32).   C  B  I 

Burr,  Mrs.  Laura  E.,  Commercial  Hotel,  Lansing,  Mich.  (3-1).  B 

Bush,  Rev.  Stephen,  D.D.,  Waterford,  N.  Y.  (19).   EH 

Byrd,  Mary  E.,  Carleton  College,  Northfleld,  Minn.  (34).  A 


Cabot,  John  W.,  Bellaire  Nail  Works,  Bellaire,  Belmont  Co.,  Ohio  (35).  D 

Cady,  Calvin  B.,  Ann  Arbor,  Mich.  (34). 

Calder,  Edwin  E.,  Board  of  Trade  Building,  Providence,  R.  I.  (29).  O 

Calkins,  Dr.  Marshall,  Springfield,  Mass.  (29). 

Campbell,  Andrew,  Ypsilanti,  Mich.  (34).  I  H  B 

Campbell,  Douglas  H.,  91  Alfred  St.,  Detroit,  Mich.  (34).  F 

Campbell,  Prof.  J.  L.,  Wabash  College,  Crawfordsville,  Ind.  (34).  B  A 

D 
Campbell,  Rev.  Prof.  John,  Presbyterian  College,  Montreal,  Can.  (31).  H 
Campbell,  Jos.  Addison,  Pulaski  and  Logan  Sts.,  Germantown,  Pa.  (33). 
Campbell,  Wm.  A.,  M.D.,  Ann  Arbor,  Mich.  (34).  F  B 
Capen,  Miss  Bessie  T.,  Northampton,  Mass.  (23).  C 
Cardeza,  John  M.,  M.D.,  Clayraont,  Del.  (33).  B 
Carman,  Charles  W.,  5  N.  Ingalls  St.,  Ann  Arbor,  Mich.    (34).  B  A 
Carman,  Lewis,  Bangall,  N.  Y.  (29).  E  H 
Caron,  C.  K.,  Louisville,  Ky.  (30).  E  C 
Carpenter,   Geo.  O.,  jr.,  care  of  St.  Louis  Lead   and   Oil  Co.,  St.  Louis, 

Mo.  (29). 
Carpenter,  Louis  G.,  Agricultural  College,  Lansing,  Mich.  (32).    A  B 
Carpenter,  Prof.  R.  C,  Agricultural  College,    Lansing,  Mich.  (33).  D  A 
Carroll,  Alfred  L.,  M.D.,  New  Brighton,  Staten  Island,  N.  Y.  (36).  F 
Carrlngton,  Col.  Henry  B.,  U.  S.  A.,  22  Bromfleld  St.,  Boston,  Mass.  (20). 
Cartkr,  James  C,  277  Lexington  Ave.,  New  York,  N.  Y.  (36). 
Carter,  John  E.,  Knox  and  Coulter  Sts.,  Germantown,  Pa.  (33).    B  H 
Gary,  Albert  A.,  234  W.  29th  St.,  New  York,  N.  Y.  (36). 
Catlin,  Charles  A.,  12  Cooke  St.,  Providence,  R.  I.  (33).  C 
Causey,  Francis  F.,  Hampton,  Va.  (36)  I 
Chad»)ourn,  Erlon  R.,  Lewlston,  Me.  (29). 

Chahoon,  Mrs.  Mary  D.,  134  S.  Fourth  St.,  Philadelphia,  Pa.  (33). 
Charaplln,  John  D.,  Jr.,  745  Broadway,  New  York,  N.  Y.  (36). 


XXXVlll  MEMBERS. 

Chandler,  Prof.  John  R.,  National  Institute,  Guatemala,  Central  America 

(36)  F  H 
Charbonnier,  Prof.  L.  H.,  University  of  Georgia,  Athens,  Ga.  (26).  A  B  D 
Chase,  Mrs.  Marin6  J.,  1622  Locust  St.,  Philadelphia,  Pa.  (31).  E  F 
Chase,  E.  Stuart,  63  Summer  St.,  Haverhill,  Mass.  (18).  F 
Chatfleld,  A.  P.,  Albany,  N.  Y.  (29). 
Chester,  Commander  Colby  M.,  U.  S.  N.,  care  Navy  Dep't,  Washington, 

D.  C.  (28).  B 
Chester,  Prof.    Frederick  D.,    Delaware   State  College,  Newark,  Del. 

(33).     B 
Childe,  John  Healey,  12  Brimmer  St.,  Boston,  Mass.  (31). 
Christie,  James,  Pencoyd,  Pa.  (33).     D 
Christy,  Prof.  Samuel  B.,  Box  41,  Berkeley,  Cal.  (35).  D 
Chrystle,  Wm.  F.,  Hastings-on-Hudson,  New  York,  N.  Y.  (36). 
Church,  W.  C,  240  Broadway,  New  York,  N.  Y.  (36). 
Chute,  Horatio  N.,  Ann  Arbor,  Mich.  (34).     BOA 

Clapp,  Geo.  H.,  98  Fourth  Ave.,  Pittsburgh,  Pa.  (33).     HO  • 

Clark,  Alex  S.,  Westfleld,N.  J.  (33). 
Clark,  John  S.,  7  Park  St.,  Boston,  Mass.  (31).     I  B  O 
Clark,  Simeon  T.,  M.D.,  103  Genesee  St.,  Lockport,  Niagara  Co.,  N.  Y. 

(25).     P 
Clark,  Wm.  Brewster,  M.D.,  50  E.  31st  St.,  New  York,  N.  Y.  (33).  F  O 
Clarke,  Charles  S.,  130  Moss  St.,  Peoria,  HI.  (34). 
Clarke,  Robert,  Cincinnati,  Ohio  (30).     H 
Clement,  F.  H.,  Ardsley,  N.  Y.  (33).     D  E 
Clute,  Rev.  Oscar,  Iowa  City,  Iowa  (34).     I  p 
Coakley,  George  W.,  LL.D.,  Hempstead,  L.  I.  (29).     A  B  D 
Cobb,  Samuel  C,  235  Boylston  St.,  Boston,  Mass.  (29). 
COK,  Henry  W.,  M.D.,  Mandan,  Dakota  (32).     H  F 
Coffin,  Amory,  Phoenixville,  Chester  Co.,  Pa.  (31).     D 
Coffin,  Charles  L.,  cor.  Leib  and  Franklin  Sts.,  Detroit,  Mich.  (34).  O 
Coffinberry,  W.  L.,  135  Summit  St.,  Grand  Rapids,  Mich.  (20).   B  D  H 
Cogswell,  W.  B.,  Syracuse,  N.  Y.  (33).     D 

Coit,  J.  Milner,  Ph.D.,  Saint  Paul's  School,  Concord,  N.  H.  (38).    B  OB 
Colburn,  Dr.  E.  M.,  207  S.  Jefferson  St.,  Peoria,  111.  (33).    H 
COLBUKN,  Richard  T.,  Elizabeth,  N.  J.  (31).     I 
Coles,   D.  S.,  A.M,  M.D.,  Wakefield,  Mass.  (35).   P 
Colie,  Edw.  M.,  East  Orange,  N.  J.  (30).  B  I 

Collin,  Prof.  Alonzo,  Cornell  College,  Mount  Vernon,  Iowa  (21).  B  0 
Collingwood,  Francis,  Elizabeth,  N.  J.  (36). 
Collins,  Anna  E.,  Germantown,  Pa.  (36). 
Collins,  Charles,  133  E.  36th  St.,  New  York,  N.  Y.  (36). 
Collins,  Miss  Fanny  W.,  Greenwich,  Conn.  (36). 
Colman,  Henry,  M.D.,  34  Nahant  St.,  Lynn,  Mass.  (25).  P 
Colton,  Buel  P.,  Ottawa,  HI.  (34).     P 

Colton,  G.  Woolworth,  182  William  St.,  New  York,  N.  Y.  (22). 
Comstock,  Dr.  T.  Griswold,  607North  14th St.,  St.  Louis,  Mo.  (29).   P  H 


MEMBERS.  XXXIX 

Conant,  Miss  E.  Ida,  42  West  48th  St.,  New  York,  N.  Y.  (33).  HIP 

Condit,  Charles  L.,  743  Broadway,  New  York,  N.  Y.  (34). 

Couklin,  W.  A.,  Director  Central  Park  Menagerie,  New  York,N.  Y.  (29).  F 

Cook,  Dr.  Charles  D.,  133  Pacific  St.,  Brooklyn,  N.  Y.  (25). 

Cook,  Chas.  Sumner,  Hanover,  N.  H.  (36).  B 

Cook,  Martin  W.,  Rochester,  N.  Y.  (36). 

Coon,  Henry  C,  M.D.,  Alfred  Centre,  N.  Y.  (29).    BOP 

Cope,  Miss  Mary  S.,  Awbnry,  Germantown,  Pa.  (33).  I 

Cope,  Thos.  P.,  Awbury,  Germantown,  Pa.  (33).    I 

Coulter,  Prof.  Stanley,  Coates  College,  Terre  Haute,  Ind.  (35).  P 

Coville,  A.  L.,  Oxford,  Chenango  Co.,  N.  Y.  (35).  E  P 

Coville,  Frederick  V.,  Oxford,  Chenango  Co.,  N.  Y.  (35).  P 

Cowell,  Jno.  F.,  Buffalo,  N.  Y.  (35). 

Crafts,  Robert  H.,  2329  So.  6th  St.,  Minneapolis,  Minn.  (32).    I  B 

Cragin,  Francis  W.,  Washburn  College,  Topeka,  Kan.  (29).    P  B  H 

Craig,  Thomas,  Tompkinsville,  Staten  Island,  N.  Y.  (36).  P 

Crawford,  Prof.  Morris  B.,  Middletown,  Conn.  (30).   B 

Crosier,  Dr.  Edward  S.,  New  Albany,  Ind.  (29).  P 

Ckowell,  a.  F.,  Woods  Holl,  Mass.  (30).    O 

Crozier,  A.  S.,  Dept.  of  Agric,  Washington,  D.  C.  (36). 

Cruiksliank,  James,  LL.D.,  206  So.  Oxford  St.,  Brooklyn,  N.  Y.  (36). 

Crump,  M.  H.,  Col.  Commanding  3d  Reg.  K.  S.  G.,  Bowling  Green,  Ky. 

(29).    B 
Culin,  Stewart,  127  South  Front  St.,  Philadelphia,  Pa.  (33).    H 
Culver,  Dr.  S.  H.,  Mason,  Mich.  (34).    P 

Cunningham,  Francis  A.,  1613  Wallace  St.,  Philadelphia,  Pa.  (33).    DB  B 
Cunz,  Johannes  H.,  137  Hudson  St.,  Hoboken,  N.  J.  (36). 
Currier,  John  McNab,  M.D.,  Castleton,  Vt.  (28).    H  F  B 
Curtis,  Edw.,  M.D.,  120  Broadway,  New  York,  N.  Y.  (36). 
Curtis,  Geo.  Wm.,  West  New  Brighton,  N.  Y.  (36). 
Curtis,  Miss  M.  M.,  Ann  Arbor,  Mich.  (34). 
Cushing,  Harry  P.,  786  Prospect  St.,  Cleveland,  Ohio  (33).  B 
Cutler,  Dr.  Andrew  S.,  Kankakee,  111.  (32).    I  B 
Cutter,  W.  E.,  Box  1037,  Worcester,  Mass.  (29).  0 

Da  Costa,  Chas.  M.,  4  W.  33d  St.,  New  York,  N.  Y.  (36). 

Daly,  Hon.  Ciiari.ks  P.,  84  Clinton  Place,  New  York,  N.  Y.  (36). 

Damon,  Wm.  E.,  Ann  Arbor,  Mich.  (34).  P 

Dana,  Judge  Edmund  L.,  379  South  Main  St.,  Wilkesbarre,  Pa.  (32).  H  B 

Dana,  S.  B.,  P.  O.  Box  1395,  Boston,  Mass.  (36). 

Dancy,  Frank  B.,  N.  C.  Agric.  Experiment  Station, Raleigh,  N.  C.  (33).  C 

Darling,  Thomas,  30  St.  John  St.,  Montreal,  Can.  (36).  I 

Davis,  Andrew  McFarland,  B.S.,  Cambridge,  Mass.  (35).  H 

Davis,  Ellery  Williams,  Lake  City,  Fla.  (36). 

Davis,  G.  Plerrepont,  M.D.,  Hartford,  Conn.  (29).   F 

Davis,  J.  J.,  M.D.,  1119  College  Ave.,  Racine,  Wis.  (31).   P 

Day,  Albert,  251  Broadway,  New  York,  N.  Y.  (36).  E 

Day,  Austin  G.,  120  Broadway,  New  York,  N.  Y.  (29). 


xl 


MEMBERS. 


Dean,  Dr.  D.  V.,  St.  Louis,  Mo.  (27). 

Dean,  Seth,  Glenwood,  Iowa  (34).  D 

DeCamp,  William  H.,  M.D.,  Grand  Rapids,  Mich.  (21). 

Deems,  Charles  F.,  4  Wiuthrop  Place,  New  York,  N.  Y.  (36). 

DeForest,  Henry  S.,  Pres.  Talladega  College,  Talladega,  Ala.  (32).  H  I 

Degni,   Rev.  J.  M.,  Woodstock  College,  Woodstock,  Howard  Co.,  Md. 

(33).  B  A 
De  Hass,  Dr.  Wills,  Washington,  D.  C.   (30). 

Denton,  Prof.  James  E.,  Stevens  Institute,  Hoboken,  N.  J.  (36)  DBA 
Denton,  John  M.,  London,  Ontario,  Can.  (31). 
Devoe,  Fred  W.,  P.  O.  Box  460,  New  York,  N.  Y.  (36). 
DeWitt,  William  G.,  88  Nassau  St.,  New  York,  N.  Y.  (33).   P 
Dexter,  Julius,  Cincinnati,  Ohio  (30). 

DiCKEiisoN,  Edw.  N.,  LL.D.,  64  E.  34th  St.,  New  York,  N.  Y.  (36). 
Dickinson,  Rev.  John,  University  P.  0.,  Los  Angeles,  Cal.  (29). 
Dinsraore,  Prof.  Thos.  H.,  jr.,  Emporia,  Kan.  (29).    B  O 
Diuwiddie,  Prof.  Hardaway  H.,   A.  and  M.  College  of  Texas,    College 

Station,  Brazos  Co.,  Texas  (32).   C 
Dittenhoefer,  A.  J.,  96  Broadway,  New  York,  N.  Y.  (36), 
Dixwell,  Epes  S.,  Cambridge,  Mass.  (1).   H  F 
Doane,  Wm.  Howard,  Cincinnati,  Ohio  (36).  D 
J)odge,  Mrs.  Mary  Mapes,  care  Century  Co.,  33  E.  17th  St.,  New  York, 

N.  Y.  (36). 
Doggett,  Geo.  N.,  Chicago,  111.   (33). 
Dopp,  Prof.  William  H.,  Buffalo,  N.  Y.  (35).  C 

Doremus,  Prof.  Chas.  A.,  College  City  of  New  York,  New  York,  N.  Y.  (36). 
Doremus,  R.  Ogden,  M.D.,  Bellevue  Hospital,  Medical  College,  New  York, 

N.  Y.  (36). 
Dorrance,  Wm.  H.,  D.D.S.,  Ann  Arbor,  Mich.  (34). 
Doughty,  John  W.,  165  Johnston  St.,  Newburgh,  N.  Y.  (19).  B 
Douglass,  Gay  ton  A.,  185  Wabash  Ave..  Chicago,  111.  (34).  B 
Dowling,  J.  W.,  M.D.,  6  E.  43d  St.,  New  York,  N.  Y.  (36). 
Drowne,  Prof.  Charles,  care  Wm.  L.  Drowne,  Esq.,  Canaan  Four  Corners, 

N.  Y.  (6).    A  B  D 
Drummond,  Isaac  Wyman,  Ph.D.,  436  W.  22nd  St.,  New  York,  N.Y.  (36). 
Dudek,  Miss  Katie,  64  W.  55th  St.,  New  York,  N.  Y.  (36).     B 
Dunham,  Dr.  Carroll,  Irvington-on-Hudson,  New  York,  N.  Y.  (31).  P 
Dunham,  Edw.  K.,  329  Beacon  St.,  Boston,  Mass.  (30). 
Dunston,  Robert  Edw.,    Schuyler  Electric  Light   Co.,   Hartford,   Conn. 

(35).  D 
DuPont,  Francis  G.,  Wilmington,  Del.  (33).     A  B  D 
Durfee,  W.F.,  321  West  14th  St.,  New  York,  N.  Y.  (33).  D  C  B  A  B  I 
Dury,  Henry  M.,  707  Woodland  St.,  Nashville,  Tenn.  (33).     B   D 
Dyer,  Clarence  M.,  Lawrence,  Mass.  (22). 

Eastman,  Dr.  Arthur  M.,  St.  Paul,  Minn.  (32), 

Eaton,  Dorman  B.,  2  E.  29th  St.,  New  York,  N.  Y.  (36). 

Eaton,  Harlow  W.,  Ph.D.,  Male  High  School,  Louisville,  Ky.  (32).  B  O 


MEMBERS. 


xli 


Eccles,  Robert  G.,  M.D.,  9-t  Smith  St.,  Brooklyn,  N.  Y.  (31).  F  O 

Edelheim,  Carl,  2006  Arch  St.,  Philadelphia,  Pa.  (33). 

Edpir,  Rev.  John,  Ciiambersburg,  Pa.  (36). 

Edgerton,  Miss  Winifred,  Ph.D.,  48  W.  59th  St.,  New  York,  N.  Y.  (35).  A 

Edwards,  W.  F.,  Niles,  Mich.  (33),     B  C  P 

Eisenniann,  John,  Arch't,  C.  E.,  44  Euclid  Avenue,  Cleveland,  Ohio  (35). 

D 
Elliot,  Mrs.  Margaret  Schuyler,  466  Eighth  St.,  Brooklyn,  N.  Y.  (36). 
Elliot,  S.  Lowell,  466  Eiglith  St.,  near  8lh  Ave.,  Brooklyn,  N.  Y.  (35). 
Elliott,  William,  197  Pearl  St.,  New  York,  N.  Y.   (30).     G 
Ellis,  Wm.  Hodgson,  School  of  Practical  Science,  Toronto,  Can.  (25). 
Elmer,  Howard  N.,  St.  Paul,  Minn.  (32).    D  I 
Embick,  F.  B.,  P.  W.  &  B.  R.  R.,  Wilmington,  Del.  (32). 
Emerson,  Henry  P.,  122  College  St.,  Buffalo,  N.  Y.  (35). 
Emerson,  Lowe,  cor.  John  and  Findlay  Sts  ,  Cincinnati,  Ohio  (30). 
Emmerton,  Mrs.  W.  IL,  Salem,  Mass.  (26). 
Eugli.sh,  Geo.  L.,  1512  Chestnut  St.,  Piiiladelphia,  Pa.  (36). 
EsTES,  Dana,  Brookline,  Mass.  (29).  I 

Evans,  Edwin,  M.D.,  Streator,  La  Salle  Co.,  111.  (30).     E  H 
Everette,  Dr.  Willis  E.,  care  Ladd  and  Tilton,  Portland,  Oregon  (35).   H 
Everhart,  Edgar,  Ph.D.,  Univ.  of  Texas,  Austin,  Texas  (36).  0 
Evers,  Edw.,  M.D.,  1861  North  Market  St.,  St.  Louis,  Mo.  (28).    F  H 
Ewen,  John  Meiggs,  115  Monroe  St.,  Chicago,  111.  (36).  D 
Ewing,  Addison  L.,  39  W.  65th  St.,  New  York,  N.  Y.  (33).     B  F 
Ewing,  Thomas,  Jr.,  Columbia  College,  New  York.-N.  Y.  (36).  B 
Eyerman,  John,  Easton,  Pa.  (33).     B  C 

Failyer,  Prof.  George  II.,  Manhattan,  Kansas  (32).  C  B 

Fairchild,  Benj.  F.,  82  Fulton  St.,  New  York,  N.  Y.  (36). 

Fairfield,  Frank  H.,  South  Duxbury,  Mass.  (31).    O 

Fairman,  Charles  E.,  M.D.,  Lyndonville,  N.  Y.  (35).    F 

Falconer,  Wm.,  Glen  Cove,  L.  I.  (29). 

Fall,  Prof.  Delos,  Albion  College,  Albion,  Mich.  (34).  C 

Farnam,  Prof.  J.  E.,  Georgetown  College,  Georgetown,  Ky.  (26).   B 

Farnsworth,  P.  J.,  M.D.,  Clinton,  Iowa  (32).     B  H 

Farr,  Henry  L.,  Box  365,  Rutland,  Vt.  (31).    B  F 

Fearing,  Clarence  W.,  Mass.  Institute  of  Technology,  Boston,  Mass.  (29). 

E 
Fellows,  Charles  S.,  38  Throop  St.,  Chicago,  111.  (34).  F 
Fellows,  G.  S.,  Agricultural  College,  Md.  (36). 
Felton,  S.  M.,  1026  Walnut  St.,  Philadelphia,  Pa.  (29). 
Fenton,  Wm.,  Saint  Paul,  Minn.  (33).    A  B  D 
Finley,  Hon.  E.  B.,  Bucyrus,  Ohio  (33).    E 
Fish,  Prof.  Eugene  E.,  Buffalo,  N.  Y.  (35)  F 
Fish,  Mrs.  Nicholas,  33  Irving  Place,  New  York,  N.  Y.  (36). 
Fisher,  Miss  Ellen  F.,  Lake  Erie  Seminary,  Painesvllle,  Ohio   (33).  B  A 
Fisher,  Hon.  L.  C,  Galveston,  Texas  (32).     I 


zlii 


MEMBERS. 


Fisher,  Dr.  R.  Catlin,  1234  Mass.  Ave.,  Washington,  D.  C.  (36). 

Fitz,  Prof.  Newton,  Norfolk,  Va.  (30).    A  I 

Flagler,  John  H.,  104  John  St.,  New  York,  N.  Y.  (36).  D 

Fletcher,  C.  R.,  88  Equitable  Building,  Boston,  Mass.  (29),    C  B 

Fletcher,  Lawrence  B.,  Marlboro',  N.  Y.  (29).     B 

Flint,  D.  B.,  358  Commonwealth  Ave.,  Boston,  Mass.  (25). 

Floyd,  Richard  S.,  Lakeport,  Lake  Co.,  Cal.  (34).    A 

Fogg,  W.  H.,  Jefferson ville,  Ind.  (34). 

Folger,  Lt.  Comd'r  Wm.  M.,  U.  S.  N.,  care  Bureau  of  Ordnance,  Navy 

Dep't,  Washington,  D.  C.  (28).  BCD 
Foltz,  Kent  O.,  M.D.,  Al^ron,  Ohio  (36). 

Foote,  Prof.  Herbert  C,  37  Arlington  Court,  Cleveland,  Ohio  (35).  C 
Force,  Cyrus  G.,  jr.,  Cleveland,  Ohio  (31).  D 
Ford,  Mrs.  O.  M.,  Roscoe,  Dakota  (36). 
Forman,  Benj.  R.,  New  Orleans,  La.  (30).  I 
FouTESCUE,  Mas.  Marion  T.,  339  West  34th  St.,  New  York,  N.  Y.   (31). 

HI 
Foulkes,  James  F.,  M.D.,  Oakland,  Alameda  Co.,  Cal,  (30).    A 
Fox,  Capt.  Oscar,  U.  S.  Patent  Office,  Washington,  D.  C.  (36). 
Franklin,  William  S.,  Lawrence,  Kan.  (36). 
Fraser,  Thomas  E.,  Lick  Observatory,  Cal.  (34).  D 
Freeman,  Chas.  D.,  13  Broad  St.,  New  York,  N.  Y.  (36). 
Freeman,  Prof.  T.  J.  A.,  St.  John's  College,  Fordham,  N.  Y.  (33).  B  O 
Frick,  Prof.  John  H.,  Central  Wesleyan  College,  Warrenton,  Mo.  (27).  B  F 

BA 
Friedrich,  James  J.,  M.D.,  131  E.  52nd  St.,  New  York,  N.  Y.  (36). 
Frisbie,  J.  F.,  M.D.,  Box  455,  Newton,  Mass,  (29),   B  H 
Fritts,  Charles  E.,  42  Nassau  St.,  New  York,  N.  Y,  (32).  B  D  C 
Fkothingiiam,  Rkv.  Fukdekick,  Milton,  Mass.  (11).   PHI 
Frothingham,  Mrs.  Lois  R.,  Milton,  Mass.  (31).   P  A  I 
Fuller,  Chas.  G.,  M.D.,  Room  38,  Central  Music  Hall,  Chicago,  111.  (35).  P 
Fuller,  H.  Weld,  22  Pemberton  Square,  Boston,  Mass.  (29),  B 
Fuller,  Prof.  Homer  T.,  Free  Institute,  Worcester,  Mass.  (35).  C  B 
Fuller,  Levi  K.,  Brattleboro,  Vt.  (34).    D  A 
Fyles,  Rev.  Thomas  W.,  South  Quebec,  P.  Q.,  Can.  (31).   P 

Gaffleld,  Thomas,  54  Allen  St.,  Boston,  Mass.  (29).  C  B 

Gallaway,  R.  M.,  68  E.  55th  St.,  New  York,  N.  Y.  (36). 

Gait,  Eleanor,  M.D.,  Elizabeth,  N.  J.  (35).  P  B 

Gardiner,  Dr.  Edw.  G,,  Mass,  Institute  Technology,  Boston,  Mass,  (29).  P 

Gardner,  Rev,  Corliss  B,,  8  New  York  St.,  Rochester,  N,  Y.  (29).  A  B  I 

Garland,  James,  2  Wall  St.,  New  York,  N.  Y.  (36), 

Garnett,  Algernon  S.,  M.D.,  Hot  Springs,  Ark.  (23), 

Garrett,  Miss  Mary  R.,  Rosemont,  Montgomery  Co.,  Pa.  (33).  P  H 

Garrett,  Philip  C,  Logan  P.  O.,  Philadelphia,  Pa.  (33).    I  B  P  H 

Garth,  Charles,  Montreal,  Can.  (31). 

Gayler,  James,  Post  Office,  New  York,  N.  Y.  (36), 


MEMBERS.  Xliii 

Genth,  Fred.  A.,  jR.,4016ChestnwtSt.,  West  Philadelphia,  Pa.  (32).  OE 

Gentr}',  Tlios.  G.,  1912  Christian  St.,  Philadelphia,  Pa.  (33).   P  H 

Geyer,  Win.  E.,  Stevens  lust.  Technology,  Hoboken,  N.  J.  (29).   B  O 

Ghequier,  A.  de.  Box  425,  Baltimore,  Md.  (30).    I 

Gibson,  Chas.  B.,  81  Clark  St.,  Chicago,  111.  (34). 

Gilbert,  Mrs.  Mary  H.,  M.D.,  37  W.  32nd  St.,  New  York,  N.  Y.  (33).  B  F 

Gilchrist,  Miss  Maude,  Wellesley  College,  Wellesley,  Mass.  (33).    P 

Glenn,  William,  10  Block  St.,  Baltimore,  Md.  (33).  O 

Glknny,  William  H.,  jr.,  Buffalo,  N.  Y.  (25). 

Goff,  E.  S.,  Geneva,  N.  Y.  (35). 

Goldsmith,  Edw.,  658  North  10th  St.,  Philadelphia,  Pa.  (29).    C  B 

Goodnow,  Henry  R.,  32  Remsen  St.,  Brooklyn,  N.  Y.  (32).    B 

Goodridge,  E.  A.,  85  Maine  St.,  Flushing,  N.  Y.  (3G). 

Gordinier.  Hermon  C,  M.D.,  HI  Fourth  St.,  Troy,  N.  Y.  (35).  P 

Gordon,  Prof.  Joseph  C,  Deaf  Mute  College,  Washington,  D.  C.  (27).    I 

H  P  O  A 
Gordon,  Dr.  T.  Winslow,  Georgetown,  Ohio  (30).  P  H  O 
Gordon,  W.  J.,  53  Water  St.,  Cleveland,  Ohio  (29). 
Gould,  Sylvester  C,  Manchester,  N.  H.  (22).  A  B  E  H 
Gradle,  Henry,  M.D.,  Central  Music  Hall,  Cliicago,  111.  (34).  P  B 
Graef,  Edw.  L.,  40  Court  St.,  Brooklyn,  N.  Y.  (28).  P 
Graf,  Louis,  Van  Bnren,  Crawford   Co.,  Ark.  (30).  E  P  H 
Gray,  Arthur  F.,  10  Charles  St.,  Lawrence,  Mass.  (29). 
Green,  Arthur  L.,  La  Fayette,  Ind.  (33).  O 
Green,  Edgar  Moore,  M.D.,  Easton,  Pa.  (36). 
Green,  Milbrey,  M.D.,  567  Columbus  Ave.,  Boston,  Mass.  (29). 
Greene,  Jacob  L.,  Pres.  Mut.  Life  Ins.  Co.,  Hartford,  Conn.  (23). 
Greene,  Jeauette  B.,  M.D.,  8  E.  46th  St.,  New  York,  N.  Y.  (33).    P  E 
Greene,  Thos.  A.,  146  Martin  St.,  Milwaukee,  Wis.  (31).  E 
Greenleaf,  John  T.,  Owego,  N.  Y.   (33).    P 

Greenleaf,  R.  P.,  M.D.,  803  Market  St.,  Wilmington,  DeL  (31).  B  P 
Greenough,  W.  W.,  24  West  St.,  Boston,  Mass.  (29).  D  I 
Greve,  Theodor  L.  A.,  M.D.,  260  W.  8th  St.,  Cincinnati,  Ohio  (30). 
Griffin,  Prof.  La  Roy  F.,  Lake  Forest,  111.   (34).  BOB 
Griscom,  Wm.  W.,  Haverford  College  P.  O.,  Pa.  (33).  BCD 
Grossklaus,  JohnF.,  Navarre,  Ohio  (24).  C 
Grove,  Edwin  B.,  Store-keeper's  Dept.,  General  Post  Office,  New  York, 

N.  Y.  (36). 

Hacker,  William,  233  So.  4th  St.,  Philadelphia,  Pa.  (33).  P  B 
Hageraann,  John,  106  Bank  St.,  Cincinnati,  Ohio  (29).  O 
Haight,  Stephen  S.,  C.E.,  West  Farms,  New  York,  N.  Y.  (31).  D  E  A  B 
Haines,  Reuben,  Haines  and  Chew  St.,    Germantown,  Philadelphia,  Pa. 

(27).  C  B 
Haines,  Wm.  J.,  Cheltenham,  Montgomery  Co.,  Pa.  (33).  B 
Hale,  William  H.,  Ph.D.,  50  Clinton  Ave.,  Albany,  N.  Y.  (32).    I  P  H  O 

DBA 


xliv 


MEMBERS. 


Hall,  Clayton  C,  810  Park  Ave.,  Baltimore,  Md.   (33). 

Hall,  Henry  D.,  13  Park  Row,  New  York,  N.  Y.  (36)  B 

Hall,  Stanton  L.,  M.D.,  Port  Chester,  N.  Y.  (36).  H 

Hallock,  Albert  P.,  Ph.D.,  21st  St.,  cor.  Ave.  A,  New  York,  N.  Y.  (31).    O 

Hallo  well,  Miss  Susan  M.,  Wellesley  College,  Wellesley,  Mass.  (33).     F 

Hambach,  Dr.  G.,  1319  Lami  St.,  St.  Louis,  Mo.  (26).   p  B 

Hamilton,  A.  W.,  Ann  Arbor,  Mich.   (34).  D  I 

Hamilton,  Jno.  M.,  Coudersport,  Potter  Co.,  Pa.  (33).    F 

Hammond,  Geo.  W.,  "The  Hamilton,"  260  Clarendon  St.,  Boston,  Mass. 

(28).  C  D 
Hammond,  Mrs.  Geo.  W.,  "The  Hamilton,"  260  Clarendon  St.,  Boston, 

Mass.  (29).  H 
Hare,  Hobart  A.,  M.D.,  117  S.  22nd  St.,  Philadelphia,  Pa.  (33).  F 
Harmon,  Miss  A,  Maria,  49  Daly  St.,  Ottawa,  Can.  (31).  H  F 
Harrington,  H.  H.,  Agricultural  College,  Miss.  (35).  C 
Harrington,  W.  H.,  Post  Office  Dep't,  Ottawa,  Can.  (29).  F 
Harris,  George  H.,  Rochester,  N.  Y.  (35). 
Harris,  I.  H.,  Waynesville,  Warren  Co.,  Ohio  (30).   E  H 

Harris,  Mrs.  Robert,  Buckingham  Hotel,  New  York,  N.  Y.  (36). 
Harrison,  Edwin,  322  Pine  St.,  Room  8,  St.Louis,  Mo.  (11).  B 
Harrison,  Geo.  B.,  520  E.  Mulberry  St.,  Bloomington,  111.  (29).  B 
Hart,  C.  Porter,  M.D.,  Wyoming,  Hamilton  Co.,  Ohio  (30).    F 

Hart,  Rev.  Prof.  Samuel,  Trinity  College,  Hartford,  Conn.  (22).  A 

Hart,  Thomas  P.,  Woodstock,  Ont.,  Can.   (35).  F 

Harvey,  Chas.  W.,  Sup't  Public  Schools,  New  Castle,  Henry  Co.,  Ind.  (20). 

Haskell,  James  R.,  120  Broadway,  New  York,  N.  Y.  (36). 

Haskins,  William,  81  S.  Clark  St.,  Chicago,  111.  (34)  O 

Hasse,  Hermann  E.,  M.D.,  De  Soto,  Jefierson  Co.,  Mo.  (33).  F 

Hatch,  P.  L.,  M.D.,  44  11th  St.  South,  Minneapolis,  Minn.  (31).  F 

Hathaway,  Nath'l,  New  Bedford,  Mass.  (30).    C 

Haven,  Franklin,  jr..  New  Elngland  Trust  Co.,  Boston,  Mass.  (29). 

Hay,  Geo.  U.,  St.  John,  N.  B.  (34).  F  O 

Hay,  Robert,  Box  162,  Junction  City,  Kan.  (36).  B 

Hayes,  Richard,  700  Chestnut  St.,  St.  Louis,  Mo.  (27).  A  B 

Hayward,  Roland,  Readville,  Mass,  (36). 

Haywood,  Prof.  John,  Otterbein  Univ.,  Westerville,  Ohio  (30).  A  B 

Hazen,  Henry  Allen,  P.  O.  Box  427,  Washington,  D.  C.  (33).  B 

Hedge,  Fred.  H.,  jr..  Public  Library,  Lawrence,  Mass.  (28).  F  H 

Hedges,  Sidney  M.,  178  Devonshire  St.,  Boston,  Mass.  (29). 

Heighway,  A.  E.,  M.D.,  86  W.  7th  St.,  Cincinnati,  Ohio  (29).  B  F 

Heighway,  A.  E.,  jr.,  86  West  7th  St.,  Cincinnati,  Ohio  (29). 

Heighway,  S.  C,  Cincinnati,  Ohio  (30). 

Heitzmann,  Dr.  C,  39  W.  45th  St.,  New  York,  N.  Y.  (36). 

Henderson,  Miss  A.  M.,  112  N.  7th  St.,  Minneapolis,  Minn.  (32).  F 

Henderson,  Chas.  Hanford,  Manuel  Training   School,  Philadelphia,  Pa. 
(33).     BOB 

Hendricks,  Henry  H.,  49  Cliff  St.,  New  York,  N.  Y.  (30). 


HEURERS.  xlv 

Herrick,  William  Hale,  Prof,  of  Chemistry,  Pennsylvania  State  College, 

Centre  Co.,  Pa.  (35).  C 
Hersey,  George  D.,  M.D.,  306  Pine  St.,  Providence,  R.  I.  (29).  I  H  P 
Hertzberg,  Prof.  Constantine,  181  S.Oxford  St.,  Brooklyn,  N.Y.  (20).  BP 
Hbxamkk,  C.  John,  C.E.,  2313  Green  St.,  Philadelphia,  Pa.  (33).  C  B 
Heyer,  Wm.  D.,  1141  E.  Broad  St.,  Elizabeth,  N.  J.  (33).  B  D 
I  licks,  Geo.  E.,  107  Grand  St.,  New  York,  N.  Y.  (36). 
Hicks,  John  D.,  Old  Westbnry,  Queen's  Co.,  L.  I.  (23).    P 
Hicks,  John  S.,  Roslyn,  N.  Y.  (31).   I 

Hill,  Robert  Thomas,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (36).  B 
Hinds,  Prof.  J.  I.  D.,  Lebanon,  Tenn.  (26).  C  P 

Hinton,  John  H.,  M.D.,  41  West  32nd  St.,  New  York,  N.  Y.  (29).  P  H 
Hirschfelder,  Chas.  A.,  Vice  Consul  U.  S.  A.,  Toronto,  Can.  (33).  H 
Hitchcock,  Miss  Fanny  R.,  176  Madison  Ave.,  New  York,  N.  Y.  (35).  P 
Hitchcock,  Henry,  404  Market  St.,  St.  Louis,  Mo.  (27). 
Hitchcock,  Hiram,  Fifth  Ave.  Hotel,  New  York,  N.  Y.  (36). 
Hitchcock,  Prof.  Hiram  A.,  Dartmouth  College,  Hanover,  N.  H.  (36)  D 
Hockley,  Thos.,  235  S.  21st  St.,  Philadelphia,  Pa.  (33).    I 
Hodge,  J.  M.,  Greenup,  Greenup  Co.,  Ky.  (29).  D  B 

Hodges,  Julia,  164  W.  74th  St.,  New  York,  N.  Y.  (36).  B  P  H  / 

Hoe,  Mks.  R.,  jk.,  11  E.  36th  St.,  New  York,  N.  Y.  (36). 
Hoe,  Mrs.  Richard  M.,  1  E.  69th  St.,  New  York,  N.  Y.  (36). 
Hoeltge,  Dr.  A.,  322  Lime  St.,  Cincinnati,  Ohio  (30). 
Hoffman,  The  Rev.  Eugene  Aug.,  D.D.,  Dean  of  Gen.  Theol.  Seminary, 

426  W.  23d  St.,  New  York,  N.  Y.  (36). 
Hogeboom,  Miss  Ellen  C,  Science  Hill  School,  Shelby ville,  Ky.  (34),  O 
Hogg,  Prof.  Alexander,  Fort  Worth,  Texas  (26).  D  A 
Holabird,  Gen.  Samuel  B.,  Q.  M.  General  U.  S.  A.,  Washington,  D.  C. 

(32).  B  H  P 
Holbrook,  F.  N.,  C.E.,  Box  107,  El  Paso,  Texas  (26).  D  B  I 
Holbrook,  Levi,  P.  O.  Box  536,  New  York,  N.  Y.  (33).  B 
Holden,  L.  E.,  Cleveland,  Ohio  (32). 
HoLDEX,  Mks.  L.  E.,  Cleveland,  Ohio  (35). 
Holley,  George  W.,  Ithaca,  N.  Y.  (19).  B  I 

HoUick,  Arthur,  Box  105,  New  Brighton,  Staten  Island,  N.  Y.  (31).  P  B 
Holly,  John  I.,  81  New  St.,  New  York,  N.  Y.  (29). 
Holmes,  Ezra  S.,  D.D.S.,  Grand  Rapids,  Mich.  (34).  P  H 
Holmes,  Prof.  Jos.  A.,  Ciiapel  Hill,  N.  C.  (33).  B  P 
Holmes,  W.  Newton,  Staunton,  Va.  (36). 

Holstein,  Geo.  Wolf,  Box  34,  Belvidere,  Warren  Co.,  N.  J.  (28).  B  H 
Holt,  Henry,  12  East  23d  St.,  New  York,  N.  Y.  (29). 
Holway,  E.  W.  D.,  Decorah,  Iowa  (33).  P 
Holzinger,  Prof.  John  M.,  Winona,  Minn.  (32).    B  P 
Homer,  Chas.  S.,  jr.,  of  Valentine  &  Co.,  245  Broadway,  New  York,  N.  Y. 

(29). 
Homes,  Henry  A.,  Librarian  State  Library,  Albany,  N.  Y.  (11). 
Hood,  E.  Lyman,  Univ.  of  New  Mexico,  Santa  F6,  N.  M.  (30).  P  I 


Xlvi  MEMBERS. 

Hood,  Gilbert  E.,  Lawrence,  Mass.  (29).  H  B  B 
Hood,  Harvey  P.,  Derry,  N.  H.  (33). 

Hood,  William,  Chief  Engineer  S.  Pacific  R.  R.  Co.,  Room  79,  R.  R.  Build- 
ing, San  Francisco,  Cal.  (35).  D. 
Hooper,  Dr.  F.  H.,  460  County,  cor.  William  St.,  New  Bedford,  Mass.  (29). 
Hooper,  Wra.  Leslie,  College  Hill,  Mass.  (33).     B   D 
Hoover,  Prof.  William,  Athens,  Ohio  (34).    A 
Horr,*Asa,  M.D.,  1311  Main  St.,  Dubuque,  Iowa  (21).     B  B 
Hoskins,  William,  La  Grange,  Cook  Co.,  111.  (34).  C 
Hovey,  Edmund  O.,  New  Haven,  Conn.  (30).  C  E 
Howe,  Prof.  Charles  S.,  Buchtel  College,  Akron,  Ohio  (34).     A 
Howe,  Jas.  Lewis,  Louisville,  Ky.  (36). 
Howe,  Lucien,  64  W.  Huron  St.,  Buffalo,  N.  Y.  (36). 

Howell,  Edw.  I.  H.,  4636  Germantown  Ave.,  Germantown,  Pa.  (33) .  D  I  H 
Howell,  Edwin  E.,  Rochester,  N.  Y.  (25).     B 
Howland,  Dr.  Edw.  P.,  211  4i  St.,  Washington,  D.  C.  (29).     B  F 
Hoyt,  John  W.,  LL.D.,  Cheyenne,  Wyoming  Ter.  (34).     I  C  H  B 
Hubbard,  George  W.,  M.I).,  Nashville,  Tenn.  (26).     F 
Hudson,  George  H.,  Plattsburgh,  Clinton  Co.,  N.  Y.  (31).     F 
Hugo,  T.  W.,  Duluth,  Minn.   (33).  D 
Huling,  Ray  G.,  New  Bedford,  Mass.   (31).     H 
Humphrey,  D.,  M.D.,  Lawrence,  Mass.  (18).     F   H 
Humphreys,  A.  W.,  Box  1384,  New  York,  N.Y.  (20).     A    I 
Humphreys,  Fred.  H.,  M.D.,  109  Fulton  St.,  New  York,  N.  Y.  (30).  F  H 
Humphreys,  Dr.  Frederick,  22  W.  39th  St.,  New  York,  N.  Y.  (29).    H  I 
Hunt,  Alfred  E.,  98  Fourth  Ave.,  Pittsburgh,  Pa.  (35).  C  D 
Hunt,  Richard  M.,  Tribune  Building,  154  Nassau  St.,  New  York,  N.  Y. 

(36). 
Huntington,  Prof.  Chester,  P.  O.  Box  1780,  New  York,  N.  Y.  (26).  B  D 
Hurd,  E.  O.,  4  W.  3d  St.,  Cincinnati,  Ohio  (30).  B  F 
Husted,  Dr.  Nathaniel  C,  Tarrytown-on-Hudson,  N.  Y.  (36).  B 
Hutchinson,  E.  S.,  Newtown,  Bucks  Co.,  Pa.  (33).    B   B 

lies,  George,  Windsor  Hotel,  Montreal,  Can.  (31).  I 
Ingalls,  Jas.  M.,  Capt.  1st  Art'y,  U.  S.  A.,  Fortress  Monroe,  Va.  (35), 
Ingham,  Wm.  A.,  820  Walnut  St.,  Philadelphia,  Pa.  (33).    B  I 
Isham,  John  B.,  M.D.,  1055  Lexington  Ave.,  New  York,  N.  Y.  (36). 

Jack,  John  G.,  Chateauguay  Basin,  P.  Q.,  Can.    (31).    P 

Jackson,  Chas.  C,  24  Congress  St.,  Boston,  Mass.  (29). 

Jackson,  Dugald  C  ,  Lincoln,  Neb.  (36).  B  D 

Jackson,  Jacob  A.,  Des  Moines,  Iowa  (33).     F  B 

Jackson,  Prof.  Josiali,  State  College,  Centre  Co.,  Pa.  (85).  A 

Jacobus,  David  S.,  Stevens  Institute,  Hoboken,  N.  J.  (36)  DBA 

Jacoby,  Henry  S.,  Instructor  Civil  Eng.,  Lehigh  Univ.,  Bethlehem,  Pa. 

(36).  D 
James,  Bushrod  W.,  M.D.,  N.  E.  cor.  18th  and  Green  Sts.,  Philadelphia, 

Pa.  (29).  F 


MEMBERS.  Xlvii 

James,  Davis  L.,  177  Race  St.,  Cincinnati,  Ohio  (30).    F 

Jauney,  Reynold,  Wilmington,  Clinton  Co.,  Ohio  (30).    B  A 

Jefleris,  Wra.  VV.,  1836  Green  St.,  Philadelphia,  Pa.  (33).  E 

Jerrell,  Herbert  Parvin,  1443  Mass.  Ave.,  Washington,  D.  C.  (33).  H 

JesunoCsliy,  Lewis  N.,  Observatory  Signal  Service,  U.  S.  A.,  Nashville, 

Teun.  (3G).  B 
Jesup,  Prof.  Henry  G.,  Hanover,  N.  H.  (36).  F 
Jesup,  Morris  K.,  52  William  St.,  New  York,  N.  Y.  (29). 
Johnson,  Arnold  Biirges,  Chief  Clerk  Light  House  Board,  Washington, 

D.  C.  (35). 
Johnson,  Prof.  Hosmer  A.,  Academy  of  Sciences,  Chicago,  111.  (22). 
Johnson,  Lawrence,  M.D.,  3G3  W.  28th  St.,  New  York,  N.  Y.  (36). 
Jones,  Chas.  N.,  Ann  Arbor,  Mich.  (34).     A  B 
Jones,  David,  President  West  Kansas  Construction  Co.,  P.  O.  Box  1374, 

Fort  Scott,  Kansas  (35).  D 
Jordan,  Prof.  David  S.,  Pres.  Indiana  Univ.,  Bloomington,  Ind.  (31).    F 
Jordan,  Francis,  jr.,  209  North  Third  St.,  Piiiladelphia,  Pa.  (36).  H 

Kapp,  Dr.  John,  Ann  Arbor,  Mich.  (34).  O  D 

Kedzie,  Frank  S.,  Lansing,  Mich.  (34).     B  O 

Kedzie,  John  H.,  Evanston,  111.   (34).    B 

Kedzie,  Mrs.  Nellie  S.,  Manhattan,  Kan.  (34).    I  F 

Keizer,  Edward  H.,  Ph.D.,  Prof,  of  Chemistry,  Bryn  Mawr  CoUege,  Bryn 

Mawr,  Montgomery  Co.,  Pa.  (35).  C 
Kelley,  Clarence  E.,  P.  O.  Box  1235,  Haverhill,  Mass.  (32).  BAG 
Kelley,  Henry  S.,  208  Wooster  St.,  New  Haven,  Conn.  (36)  D  C 
Kellogg,  David  S.,  M.D.,  Plattsburgh,  N.  Y.  (29).    H 
Kellogg,  George,  744  Broadway,  New  York,  N.  Y.  (36). 
Kellogg,  James  H.,  1  Ida  Terrace,  Troy,  N.  Y.  (29).    I 
Kellogg,  John  H.,  M.D.,  Battle  Creek,  Mich.  (24).    F 
Kemp,  James  F.,  Cornell  Univ.,  Ithuca,  N.  Y.  (36).  B 
Kemper,  Dr.  And.  C,  101  Broadway,  Cincinnati,  Ohio    (30).    F  H  O  B 

I  D  B  A 
Kendall,  Edw.  IL,  32  E.  75th  St.,  New  York,  N.  Y.  (36). 
Kendall,  H.  D.,  M.D.,  Grand  Rapids,  Mich.  (35).  F 
Kennedy,  Prof.  George  T.,  Kings  College,  Windsor,  N.  S.  (29).     E    O 
Kerr,  Kev.  Dr.  Thomas,  518  North  Church  St.,  liockford  111.   (34).    H  B 
Kimball,  John  Cone,  Revere  House,  Boston,  Mass.  (30).  H 
Kimball,  Rodney  G.,  Polytechnic  Inst.,  Brooklyn,  N.  Y.  (36). 
Kinder,  Miss  Sarah,  27  Lockerbie  St.,  Indianapolis,  Ind.  (20). 
Kinealy,  John  H.,  A.  &  M.  College,  College  Station,  Texas  (36).  D 
King,  A.  F.  A.,  M.D.,  726  13th  St.  N.  W.,  Washington,  D.  C.  (29).  P  H 
King,  Charles  F.,  Steelton,  Pa.   (33).  C  B 
King,  F.  H.,  River  Falls,  Wis.  (32).  B  F 
King,  Miss  Harriet,  Salem,  Mass.  (28). 
King,  Hiram  U.,  Stamford,  Conn.  (31).  B 
King,  Mrs.  Mary  B.  A.,  31  Madison  St.,  Rocliester,  N.  Y.  (15).  F  H 


xlviii  MEMBERS. 

Kinnaii'd,  Thomas  H.,  M.D.,  Silver  King,  Pinal  Co.,  Arizona  Terr.  (34).  H 
Kinner,  Hugo,  M.D.,  1517  South  Seventh  St.,  St.  Louis,  Mo.  (21).  P  H 
Kitchen,  Jolm  W.,  Pana,  Christian  Co.,  111.  (32). 
Kittenger,  M.  S.,  M.D.,  Lockport,  N.  Y.  (35). 
Knickerbacker,  John,  C.E.,  Troy,  N.  Y.  (36). 
Knight,  Albert  B.,  Butte  City,  Silver  Bow,  Montana  (86).  D 
Knight,  Chas.  H.,  M.D.,  20  VV.  31st  St.,  New  York,  N.  Y.  (36). 
Knight,  Prof.  Charles  M.,  254  Carroll  St.,  Akron,  Ohio  (29).  C  B 
Knowlton,  Frank  H.,   Dep't  of  Botany, _U.  S.  National  Museum,  "Wash- 
ington, D. C.  (33).  F 
Kost,  John,  LL.D.,  Adrian,  Mich.  (34).  B 

Lacoe,  K.  D.,  Pittston,  Pa.  (31).  E  P 

Ladd,  E.  F.,  Geneva,  N.  Y.  (36).  C 

Laist,  Otto,  Cincinnati,  Ohio  (30). 

Lamb,  Mrs.  Martha  J.,  Coleman  House,  New  York,  N.  Y.  (29). 

Lamborn,  Robert  H.,  Ph.D.,  32  Nassau  St.,  New  York,  N.  Y.  (28).  HBP 

Lancaster,  Israel,  335  Wabash  Ave.,  Chicago,  111.  (35)  D 

Landero,  Carlos  F.  de,  Guadalajara,  Mexico  (36).  O  B 

Landon,  Melville  D.,  A.M.,  44  E.  76th  St.,  New  York,  N.  Y.  (36). 

Langmann,  Gustav,  M.D.,  115  W.  57th  St.,  New  York,  N.  Y.  (36). 

Larkin,  Frederick,  M.D.,  Randolph,  N.  Y.  (28).  H 

Laudy,  Louis  H.,  Schoolof  Mines,  Columbia  Coll.,  New  York,  N.  Y.  (28).  C 

Lawrance,  J.  P.  S.,  Past  Ass't  Engineer,  U.  S.  Navy,  Care  Navy  Depart- 
ment, Washington,  D.C.  (35).  D 

Laws,  Miss  Annie,  100  Dayton  St.,  Cincinnati,  Ohio  (30).  I 

Learned,  Rev.  J.  C,  1748  Waverly  Place,  St.  Louis,  Mo.  (27).  I  H 

Leavenworth,  Francis  P.,  Haverford  College  P.  O.,  Montgomery  Co.,  Pa. 
(30).  A 

Le  Comte,  Jos.,  216  Front  St.,  New  York,  N.  Y.  (36). 

Ledyard,  L.  W.,  Cazenovia,  Madison  Co.,  N.  Y.  (29). 

Lee,  R.  H.,  Manager  of  Blast  Furnace,  Logan  Iron  and  Steel  Co.,Lewiston, 
Pa.  (35).  C  D 

Lee,  Thomas  G.,  M.D.,  Medical  Department  Yale  Univ.,  New  Haven, 
Conn.  (34).  P 

Lee,  Wm.,  M.D.,  2111  Penna.  Avenue,  Washington,  D.  C.  (29). 

Lee,  Yan  Phou,  New  Haven,  Conn.  (36).  I 

Leete,  James  M.,  M.D.,  2912  Washington  Avenue,  St.  Louis,  Mo.  (27) 

Lehman,  B.  N.,  Wayne  and  School  Lane,  Gerraantown,  Pa.  (32).    B  P 

Lemp,  William  J.,  cor.  Cherokee  and  2nd  Carondelet  Avenue,  St.  Louis, 
Mo.  (27). 

Lennon,  William  H.,  Brockport,  N.  Y.  (31).   P  C 

Lentz,  Wm.  O.,  Mauch  Chuni<,  Pa.  (33). 

Leonard,  Rensselaer,  M.D.,  Mauch  Chunk,  Carbon  Co.,  Pa.  (33).  B  P 

Leoser,  Charles  McK.,  244  W.  39th  St.,  New  York,  N.  Y.  (32).  A 

Letchworth,  Josiah,  Buffalo,  N.  Y.  (25). 

Lewis,  Burr,  Lockport,  N.  Y.  (35).  p 


MEMBERS.  Xlix 

Lewis,  Charlton  T.,  LL.D.,  Mutual  Life  Building,  New  York,  N.  Y.  (36). 
Lewis,  Elias,  jr..  Ill  St.  Mark's  Place,  Brooklyn,  N.  Y.  (23).    B  H 
Lewis,  Win.  J.,  M.D.,  30  Gillett  St.,  Hartford,  Conn.  (33).  P  B 
Liebig,  Dr.  G.  A.,  87  Exchange  Place,  Baltimore,  Md.  (30). 
Linton,  Miss  Laura,  158  5th  St.,  Minneapolis,  Minn.  (33).   O 
Lippincott,  Joshua  A.,  D.D.,  Pres.  Kansas  State  Univ.,  Lawrence,  Kan- 
sas (34). 
Livermore,  Mrs.  M.  A.  C,  24  North  Avenue,  Cambridge,  Mass.  (29).  P 
Livermore,  Mrs.  Mary  A.,  Box  54,  Melrose,  Mass.  (35).  I 
Lloyd,  Mrs.  Rachel,  care  H.  H.  Nicholson,  Box  675,  Lincoln,  Neb.  (31).  C 
Locy,  Wm.  A.,  517  Wabashaw  St.,  Saint  Paul,  Minn.  (34). 
Loeb,  Morris,  Ph.D.,  37  E.  38th  St.,  New  York,  N.  Y.  (36).  O 
Logan,  John,  M.D.,  421  Penn.  Ave.,  Pittsburgh,  Pa.  (29).  P  H 
Logan,  Walter  S.,  54  William  St.,  New  York,  N.  Y.  (36). 
Lomb,  Carl  F.,  Rochester,  N.  Y.  (29). 

Longshore,  Hannah  E.,  M.D.,  1326  Arch  St.,  Philadelphia,  Pa.   (33). 
Loorais,  Horatio,  Burlington,  Vt.  (31). 
Lord,  Benjamin,  34  W.  28th  St.,  New  York,  N.  Y.  (36). 
Loud,  Prof.  Frank  H.,  Colorado  Springs,  Col.  (29).  AB 
Lovewell,  Prof.  Joseph  T.,  Washburn  College,  Topeka,  Kansas  (25). 
Low,  Seth,  31  Burling  Slip,  New  York,  N.  Y.  (29). 
Lowell,  Augustus,  60  State  St.,  Boston,  Mass.  (29). 
Lowell,  Perclval,  40  Water  St.,  Boston,  Mass.  (36).  A 
Lucas,  Albert,  141  N.  4th  St.,  Philadelphia,  Pa.  (33).  O  B 
Lucas,  John,  141  N.  4th  St.,  Philadelphia,  Pa.  (33).  O 
Lucas,  Mrs.  John,  1913  Arch  St.,  Philadelphia,  Pa.  (33).  I  D 
Ludlow,  Col.  Wm.,  Engineer  Commissioner,  Washington,  D.  C.  (33).  D  B 
Lufkin,  Albert,  Newton,  Iowa  (31).  D  B 
Luhn,  J.  W.,  Madisonville,  Hamilton  Co.,  Ohio  (36).  B 
Lukens,  Dr.  Anna,  1068  Lexington  Ave.,  New  York,  N.  Y.  (36). 
Lumniis,  Wm.,  Drexel  Building,  New  York,  N.  Y.  (36). 
Lungren,  Charles  Marshall,  C.E.,  care  A.  S.  Hatch  &  Co.,  5  Nassau  St., 

New  York,  N.  Y.  (36). 
Lyford,  Edwin  F.,  Springfield,  Mass.  (33).  BOH 
Lyford,  Prof.  Moses,  Waterville,  Me.  (22).   A  B 
Lyman,  Benj.  Smith,  Northampton,  Mass.  (15).  B 
Lyman,  Henry  H.,  74  McTavish  St.,  Montreal,  Can.  (29).  P  B  I 
Lynch,  W.  H.,  Danville,  P.  Q.,  Can.  (31). 


Mac  Arthur,  Charles  L.,  Troy  N.  Y.  (19). 

MacGregor,  Donald,  106  Austin  St.,  Houston,  Texas  (33).   B  B 

Mac  Leod,  John,  Chief  Engineer  Ky.   and  Ind.  Bridge  Company,  1205 

Second  St.,  Louisville,  Ky.  (85).  D 
Mac  Swain,  L.  S.,  Thomasville,  Ga.  (33).  D 
McChesney,    Charles  E.,  M.D.,  U.  S.  A.,  Fort  Bennett,  Dakota  Te  r. 

(30).   P 

A.  A.  A.  8.  VOL.  XXXVI.  D 


1  MEMBERS. 

McClintock,  A.  H.,  Wilkes  Barre,  Pa.  (33).  H 

McCorkle,  Spencer  C,  Ass't  U.  S.  Coast  and  G.  Survey,  Sub-office,  Phil- 
adelphia, Pa.  (33).   A  E 
McCreath,  Andrew  S.,  223  Market  St.,  Harrisburgh,  Pa.  (83).  C  B 
McCredy,  Mrs.  D.  A.,  222  W.  23d  St.,  New  York,  N.  Y.  (36). 
McCurdy,Chas.W.,  M.S.,  Sand  Beach,  Mich.  (35).  p  B 
McElrath,  Thomas,  216  Broadway,  New  York,  N.  Y.  (36). 
McElroy,  James  F.,  Lansing,  Mich.  (34).  B  D 
McPadden,  Prof.  L.  H.,  Westerville,  Ohio  (32).  BOB 
McFarland,  Robert  W.,  LL.D.,  Oxford,  Ohio  (33).  A 
McFarland,  Walter,  Lt.  Col.  of  Eug.,  Army  Building,  Station  A,   New 

York,  N.  Y.  (36). 
McGee,  Charles  K.,  Ann  Arbor,  Mich.  (32).    C  B 
McGill,  John  T.,  Ph.D.,  Vanderbilt  Univ.,  Nashville,  Tenn.  (36). 
McGobrick,  James,  Minneapolis,  Minn.  (32). 
McGregory,  Prof.  J.  F.,  Hamilton,  N.  Y.  (35). 
McGuire,  Joseph  D.,  Ellicott  City,  Md.  (30).   H 
Mclnnis,  Prof.  Louis  L.,  College  Station,  Texas  (31).  A  D  B  I 
McLouth,  Prof.  Lewis,  Agricultural  College  P.  0.,  Mich.  (34).   A  B 
McMahon,  J.,  Ithaca,  N.  Y.  (36). 

McMillan,  Conway  G.,  1503  H  St.,  Lincoln,  Neb.  (34).  F  B 
McNeal,  Albert  T.,  Bolivar,  Tenn.  (26).   I 
McNiel,  John  A.,  Binghamton,  N.  Y.  (35).  H 
McWhorter,  Tyler,  Aledo,  111.  (20).  B 
Mack,  William,  M.D.,  Salem,  Mass.  (21). 
Macomber,  Albert  E.,  Toledo,  Ohio  (30).    I 
Macy,  Arthur,  Silver  King,  Pinal  Co.,  Arizona  (26).  D  O 
Maffet,  Wm.  Ross,  Wilkes  Barre,  Pa.  (33).  B  D 
Maitland,  Alex.,  141  E.  37th  St.,  New  York,  N.  Y.  (36). 
Mallinckrodt,  Edw.,  P.  O.  Sub-station  A,  St.  Louis,  Mo.  (29).    0 
Manning,  Charles  H.,  Sup't  Amoskeag  Manufacturing  Co.,   Manchester, 

N.  H.  (35).  D 
Manning,  Richard  C,  Salem,  Mass.  (29). 
Manning,  Miss  Sara  M.,  Lake  City,  Minn.  (33).    P 
Marble,  Manton,  532  Fifth  Ave.,  New  York,  N.  Y.  (36). 
Marble,  J.  Russel,  Worcester,  Mass.  (31).  C  B 
Marble,  Miss  Sarah,  Woonsocket,  R.  I.  (29).  C 
Marcy,  Henry  O.,  M.D.,  116  Boylston  St.,  Boston,  Mass.  (28). 
Marsden,   Samuel,  1015  North  Leflenwell  Avenue,  St.  Louis,  Mo.  (27). 

AD 
Marsh,  Prof.  C.  Dwight,  Ripon,  Wis.  (34).     F  B 
Martin,  Edmund  P.,  169  So.  Oxford  St.,  Brooklyn,  N.  Y.  (36). 
Martindale,  Isaac  C,  Camden,  N.  J.  (26).  P 
Marvin,  Frank  O.,  Univ.  of  Kansas,  Lawrence,  Kansas  (35).  D 
Mateer,  Horace  N.,  M.D.,  Wooster,  Wayne  Co.,  Ohio  (36).  P  B 
Mathieu,  Jean  Anton,  North  East,  Cecil  Co.,  Md.  (33).  O  I 
Matlack,  Charles,  625  Walnut  St.,  Philadelphia,  Pa.  (27).  I 


MEMBERS.  li 

Mattison,  Joseph  G.,  197  Pearl  St.,  New  York,  N.  Y.  (30).  C 

Maury,  Rev.  Mytton,  D.I).,  Goslien,  N.  Y.  (33).  B 

May,  Miss  Abby  \V.,  3  Exeter  St.,  Boston,  Mass.  (29).  I 

May,  John  J.,  Box  2348,  Boston,  Mass.  (29).  D  I 

Mayer,  William  G.,  Wat«rville,  N.  Y.  (30).  C  A 

Maynard,  Geo.  C,  1419  New  York  Ave.,  Washington,  D   C.  (35).  B  D 

Maynard,  Geo.  W.,  35  Broadway,  New  York,  N.  Y.  (33).  C  B 

Maynard,  Washburn,  Lieut.  U.  S.  N.,   Torpc'do   Station,   Newport,   R.  I. 

(33).   B 
Mead,  Walter  H.,  65  Wall  St.,  New  York,  N.  Y.  (29).  p  B 
Medici,  Chas.  de,  Ph.D.,  347  Sixth  Ave.,  New  York,  N.  Y.  (33).  A  P  H 
Meehan,  Mrs.  Thos.,  German  town.  Pa.  (29). 
Meek,  Seth  Eugene,  80  Fulton  Market,  New  York,  N.  Y.  (35).    p 
Menocal,  Anicito  G.,  C.E.,  U.  S.  N.,  Washington  Navy  Yard,  D.  C.  (36)   D 
Merchant,  Richard  V.,  East  Weymouth,  Mass.  (29). 
Merkel,  G.  H.,  M.D.,  128  Boylston  St  ,  Boston,  Mass.  (29). 
Merrick,  Hon.  Edwin  T.,  P.  O.  Box  3089,  New  Orleans,  La.  (29).  E  A 
Merrie,  Mrs.  Ada,  321  Vine  St.,  Cincinnati,  Ohio  (34).     p 
Merrie,  Hugh,  321  Vine  St.,  Cincinnati,  Ohio  (35). 
Merritt,  E.  G.,  Indianapolis,  Ind.  (33). 
Merry  weather,  George  N.,  cor.  6th  and  Race  Sts.,  Cincinnati,  Ohio  (30). 

FH 
Metcalf,  Caleb  B.,  Highland  Military  Academy,  Worcester,  Mass.  (20).  H 

B 
Metcalf,  Orlando,  Vice  President  Colorado  Mid.  R.  R.   Co.,  Colorado 

Springs,  Col.  (35).  D 
Metcalf,  William,  Pittsburgh,  Pa.  (33). 

Meyer,  Charles  E.,  1717  Chestnut  St.,  Philadelphia,  Pa.  (33).  B  D 
Miles,  Prof.  Manly,  Lansing,  Mich.  (29).  p 

Miller,  Edgar  G.,  213  E.  German  St.,  Baltimore,  Md.  (29).   B  P  A 
Miller,  John  A.,  Drawer  110,  Cairo,  HI.  (22).    D 
Miller,  John  W.,  Gen'l  Manager,  Stonington  Line,  Pier  36,  North  River 

New  York,  N.  Y.  (36).  D  I 
Mills,  Andrew  G.,  Galveston,  Texas  (33).  I 
Minns,  Miss  S.,  14  Louisburg  Square,  Boston,  Mass.  (32). 
Mitchell,  Edw.,  45  W.  55th  St.,  New  York,  N.  Y.  (36). 
Mitchell,  Harvey  F.,  17  Lexington  Ave.,  New  York,  N.  Y.  (36).  D 
Mitchell,  Louis  J.,  M.D.,  Cook  Co.  Hospital,  Chicago,  HI.  (35).  Q 
Mixer,  Fred.  K.,  Box  585,  Geneva,  N.  Y.  (35).  B 
Moliner,  Adolfo,  530  Cerro,  Havana,  Cuba  (28).  I 
Molson,  John  H.  R.,  Montreal,  Can.  (31). 
Moody,  Mrs.  Mary  B.,  M.D.,  Fair  Haven  Heights,  New  Haven,  Conn. 

(25).  E  P 
Moody,  Robert  O.,  Buffalo,  N.  Y.  (36). 

Moore,  E.  C,  care  Tiffany  &  Co.,  New  York,  N.  Y.  (30).     H 
Moreland,  Prof.  S.  T.,  Lexington,  Va.  (33).     B  D 
Morgan,  Frank  H.,  Cornell  Univ.,  Ithaca,  N.  Y.  (35).  C 


lii  MEMBERS. 

Morgan,  James  H.,  Carlisle,  Pa.  (33).     H 

Morgan,  Wm.  E.,  Spiceland,  Ind.  (33).  A  D 

Morgan,  Wm.  F.,  171  Madison  Ave.,  New  York,  N.  Y.  (27). 

Morison,  Dr.  N.  H.,  Provost  of  Peabody  Institute,  Baltimore,  Md.  (17). 

Morris,  Wistar,  209  S.  5th  St.,  Philadelphia,  Pa.  (33). 

Morse,  Charles  J.,  Morse  Bridge  Co.,  Youngstown,  Ohio  (31).  D 

Morse,  Mrs.  Mary  J.,  57  Jackson  St.,  Lawrence,  Mass.  (29).  O 

Mortimer,  Capt.  John  H.,  care  of  F.  Habirshaw,  113  Maiden  Lane,  New 

York,  N.  Y.  (31). 
Moseley,  Edwin  L.,  Ph.D.,  185  Barclay  St.,  Grand  Kaplds,  Mich.  (34). 
Moseley,  Gilbert  G.,  Hartford,  Conn.  (36). 
Moser,  Lieut.  Jeff.  F.,  U.  S.N.,  Coast  Survey  Office,  Washington,   D.  C. 

(28).  B 
Moss,  Mrs.  J.  Osborne,  Sandusky,  Ohio  (35).  F 
Motl,  Alex.  B.,  M.D.,  62  Madison  Ave.,  New  York,  N.  Y.  (36), 
Mowry,  Wm.  A.,  Harvard  St.,  Dorchester,  Mass.  (29).  I 
Muir,  John,  Martinez,  Cal.  (22). 
Miiller,  Herman  E.,  M.D.,  Oakland,  Cal.  (32). 
Miiller,  Jno.,  M.D.,  Box  1078,  Ann  Arbor,  Mich.  (34).  H  P  I 
Munn,  Charles  Allen,  361  Broadway,  New  York,  N.  Y.  (36). 
Munn,  John  P.,  M.D.,  18  West  58th  St.,  New  York,  N.  Y.  (31). 
Murphy,  Dr.  Patrick  J.,  Columbia  Hospital,  Washington,  D.  C.  (30).  B  A 
Murray,  Miss  Amelia  R.,  84th  St.  and  10th  Ave.,  New  York,  N.  Y.  (36). 
Murtfeldt,  Miss  Augusta,  Kirkwood,  Mo.  (29).  F 
Musson,  Dr.  Emma  E.,  1500  So.  Broad  St.,  Philadelphia,  Pa.  (36). 
Myers,  John  A.,  Agricultural  College,  Oktibbeha  Co.,  Miss.  (30).  O 

Naclitrieb,  Henry  F.,  15  North  St.,  St.  Paul,  Minn.  (29). 

Nagel,  Herman,  M.D.,  2044  Lafayette  Avenue,  St.  Louis,  Mo.  (30). 

Nason,  Frank  L.,  Polytechnic  Institute,  Troy,  N.  Y.  (36).  E 

Neff,  Peter,  jr..  Gambler,  Knox  Co.,  Ohio  (34).  B 

Nelson,  Wolfred  D.  E.,  M.D.,  348  Broadway,  New  York,  N.  Y.  (35).  H  B 

Nesbit,  Thos.  Murray,  Box  316,  Lewisburg,  Pa.  (33).  H 

Nesmith,  Henry  E.,  jr.,  28  South  St.,  New  York,  N.  Y.  (30).  B  F  O 

Nettleton,  Chas.,  115  Broadway,  New  York,  N.  Y.  (30).  H  E  F 

Newton,  Henry  J.,  128  W.  43d  St.,  New  York,  N.  Y.  (36). 

Newton,  Mrs.  Henry  J.,  128  W.  43d  St.,  New  York,  N.  Y.  (36). 

Newton,  Rev.  John,  Mary  Esther,  West  Fla.  (7).    A-I 

Nichols,  A.  B.,  18  So.  Broad  St.,  Philadelphia,  Pa.  (33).  D 

Nichols,  H.  E.,  Lieut.  Comdr.  U.  S.  N.,  Box  296,  Pittsburgh,  Pa.  (29). 

Nicholson,  Prof.  H.  H.,  Lincoln,  Neb.  (36). 

Nixitin,  Serge,  Chief  Geologist  of  the  Russian  Geological  Survey,  Mining 

Inst.,  St.  Petersburg,  Russia  (35).     B 
Nolan,  Edw.  J.,  M.D.,  Academy  of  Natural  Sciences,  Philadelphia,  Pa. 

(29).  F 
Nortiirop,  John  I.,  School  of  Mines,  Columbia  College,  New  York,  N.  Y. 

(36). 


MEMBERS.  liii 

Northrop,  Miss  Katharine,  "Woman's  Med.  Coll.,  Philadelphia,  Pa.  (35).  F 

Norton,  James  H.,  Ravenswood,  III.   (34). 

NouTON,  Prof.  Thomas  H.,  Univ.  of  Cincinnati,  Cincinnati,  Ohio  (35).  O 

Novy,  Frederick  George,  Ann  Arbor,  Mich.  (36). 

Noyes,  Henry  D.,  M.D.,  233  Madison  Ave.,  New  York,  N.  Y.  (36). 

Nunn,  R.  J.,  119  York  St.,  Savannah,  Ga.  (33). 

Ockerson,  John  A.,  C.E.,  2828  Washington  Ave.,  St.  Louis,  Mo.  (33).  D  B 

O'Connor,  Thomas  Devlin,  12  E.  44th  St.,  New  York,  N.  Y.  (36). 

O'Hara,  Michael,  M.D.,  31  South  16th  St.,  Philadelphia,  Pa.  (33).  P 

Oliver,  Prof.  Marshal,  U.  S.  N.,  Naval  Acad.,  Annapolis,  Md.  (31). 

Ordway,  Mrs.  John  M.,  Tulane  Univ.,  New  Orleans,  La.  (29).  C 

Orm,  John,  Padiicah,  McCracken  Co.,  Ky.  (27).  D 

Osborn,  Francis  A.,  43  Milk  St.,  Boston,  Mass,  (29). 

Osborne,  Mrs.  Ada  M.,  Waterville,  Oneida  Co.,  N.  Y.  (19).  B 

Osborne,  Amos  O.,  Waterville,  Oneida  Co.,  N.  Y.  (19).  B 

Osgood,  Joseph  B.  F.,  Salem,  Mass.  (31). 

Osmond,  Prof.  I.  Thornton,  State  College,  Centre  Co.,  Pa.  (33).  BAG 

Ottofy,  Louis,  D.D.S.,  1228  Milwaukee  Ave.,  Chicago,  111.  (35).  F 

Owen,  Prof.  D.  A.,  Franklin,  Ind.  (34).  B 

Owens,  Wni.,  M.D.,  270  W.  7th  St.,  Cincinnati,  Ohio  (33). 

Owens,  Wm.  G.,  Lewisburg,  Union  Co.,  Pa.  (33).  B  O 

Oyster,  Dr.  J.  H.,  Paola,  Kan.  (34).  F 

Paddock,  John  R.,  East  Orange,  N.J.  (29).  B 

Page,  Dr.  D.  L.,  46  Merrimack  St.,  Lowell,  Mass.  (33).  F 

Paine,  Sidney  B.,  Edison  Electric  Light  Co.,  Boston,  Mass.  (30).  D  B 

Palmer,  Rev.  Benj.  M.,  Box  1628,  New  Orleans,  La.  (21). 

Palmer,  Dr.  Edward,  Smithsonian  Institution,  Washington,  D.  C.  (22).  H 

Pardee,  Walter  S.,  Minneapolis,  Minn.  (32). 

Pardo,  Carlos,  31  E.  17th  St.,  New  York,  N.  Y.  (36).  A 

I'ardo,  Mrs.  Carlos,  31  E.  17th  St.,  New  York,  N.  Y.  (36).  BE 

Parker,  Rev.  J.  D.,  Fort  Riley,  Kan.  (34).  H 

Paksons,  Jno.  E.,  nil  Broadway,  New  York,  N.  Y.  (36). 

Patrick,  Geo.  E.,  27  Kilby  St.,  Boston,  Mass.  (36).  C 

Patterson,  Harry  J.,  State  College,  Centre  Co.,  Pa.  (36).  O 

Patton,  Rev.  William  A.,  Doyleston,  Bucks  Co.,  Pa.  (35). 

Paul,  Caroline  A.,  M.D.,  Vineland,  Cumberland  Co.,  N.  J.  (23). 

Peale,  Albert  C,  M.D.,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (36).  B 

Pearson,  H.  G.,  34  Gramercy  Park,  New  York,  N.  Y.  (36). 

Peary,  Robert  E.,  C.E.,  U.  S.  N.,  Washington  Navy  Yard,  D.  C.  (36).  D 

Pease,  F.  S.,  Buffalo,  N.  Y.  (35). 

Pease,  Rufus  D.,  M.D.,  902  Spring  Garden  St.,  Philadelphia,  Pa.  (33), 

Peck,  Mrs.  John  H.,  3  Irving  Place,  Troy,  N,  Y.  (28). 

Peck,  W.  A.,  C.E.,  care  H.  L.  Holme,  727  (new  no.)  16th  St.,  Denver,  Col. 

(19).    E 
Peck,  Wm.  Henry,  Courtney,  Brevard  Co.,  Fla,  (36). 


liv  MEMBERS. 

Peck,  Mrs.  Wm.  Henry,  Courtney,  Brevard  Co.,  Fla.  (36). 

Peckham,  Wheeler  H.,  Drexel  Building,  Wall  St.,  New  York,  N.  Y.  (36). 

Pedrick,  Mrs.  Wm.  R.,  Lawrence,  Mass.  (33). 

Peffer,  George  P.,  Pewaukee,  Wis.  (32).    D  I 

Peirce,  Prof.  C.  S.,  109  E.  15th  St.,  New  York,  N.  Y.  (30). 

Peirce,  Cyrus  N.,  D.D.S.,  1415  Walnut  St.,  Philadelphia,  Pa.  (31).  P 

Peirce,  Harold,  Joshua  Peirce  &  Co.,  Bristol,  Pa.  (33).  H  I 

Pell,  Alfred,  58  William  St.,  New  York,  N.  Y.  (36). 

Pennock,  Edw.,  care  Queen  &  Co.,  Philadelphia,  Pa.  (29).  P  B 

Percy,  H.  C,  P.  O.  Box  173,  Norfolk,  Va.  (32).  I  D 

Pkrkins,  Arthur,  49  Woodland  St.,  Hartford,  Conn.  (31).  B  A 

Perrine,  Fred.  A.  C,  A.B.,  Freehold,  N.  J.  (33).  B  A 

Peter,  Alfred  M.,  Lexington,  Ky.  (29).  C 

Peters,  Andrew,  9th  St.  &  Gowanus  Canal,  Brooklyn,  N.  Y.  (36). 

Peters,  Mrs.  Bernard,  83  Lee  Ave.,  Brooklyn,  N.  Y.  (36). 

Peters,  Edw.  T.,  P.  O.  Box  265,  Washington,  D.  C.  (33).  I 

Pettee,  Prof.  C.  H.,  Hanover,  N.  H.  (31).  A 

Phelps,  George,  Nashua,  N.  H.  (31). 

Phillips,  Prof.  Francis  C,  Western  Univ.,  Allegheny,  Pa.  (36).  C 

Pickel,  James  M.,  Ph.D.,  Lake  City,  Fla.  (36). 

Pickett,  Dr.  Thos.  E.,  Maysville,  Mason  Co.,  Ky.  (25).  H  P 

Pierce,  Willard  I.,  M.E.,  104  W.  129th  St.,  New  York,  N.  Y.  (33).  B  O 

Pike,  J.  W.,  Mahoning,  Portage  Co.,  Ohio  (29).  E  O  P 

Pillsbury,   J.  E.,  Lieut.  U.  S.   N.,  Commanding   Coast   Survey  Steamer 
Blake,  care  Coast  Survey  Office,  Washington,  D.  C.  (33).  B  B 

Pinkerton,  T.  H.,  M.D.,  Oakland,  Alameda  Co.,  Cal.  (27). 

Pitkin,  Lucius,  432  Madison  Ave.,  New  York,  N.  Y.  (29). 

Pitt,  Prof.  William  H.,  2  Wads  worth  Place,  Buffalo,  N.  Y.  (25). 

Place,  Edwin,  Cincinnatus,  N.  Y.  (33).  B 

Plumb,  Charles  S.,  State  Agric.  &  Mechan.  College,  Knoxville,  Tenn.  (36). 

Plummer,  Prof.  Fred.  G.,  Tacoma,  W.  T.  (36).  P 

Plympton,  Geo.  W.,  127  Herkimer  St.,  Brooklyn,  N.  Y.  (36). 

Porteous,  John,  176  Falmouth  St.,  Boston,  Mass.  (22). 

Porter,  H.  F.  J.,  Columbia  College,  New  York,  N.  Y.  (36). 

Porter,  Thomas  W.,  Lock  Box  53,  Grand  Rapids,  Mich.  (34).  B  H 

Potter,  Rev.  Henry  C,  804  Broadway,  New  York,  N.  Y.  (29). 

Potter,  Jotham,  104  Euclid  Ave.,  Cleveland,  Ohio  (33).    B  D 

Potter,  O.  B.,  26  Lafayette  Place,  New  York,  N.  Y.  (36). 

Prang,  Louis,  45  Centre  St.,  Roxbury,  Mass.  (29).  D 

Pratt,  E.  Spencer,  U.  S.  Minister,  Teheran,  Persia  (35). 

Pratt,  Richard  Henry,  Capt.  U.  S.  A.,  Carlisle,  Pa.  (36). 

Pray,  Thomas,  jr.,  P.  O.  Box  2728,  Boston,  Mass.  (33).  P  D 

Preswick,  E.  H.,  Forest  Home,  N.  Y.  (35).  C 

Price,  Eli  Kirk,  jr.,  709  Walnut  St.,  Philadelphia,  Pa.  (33).   I  B 

Price,  J.  Sergeant,  709  Walnut  St.,  Philadelphia,  Pa.  (33). 

Prince,  Gen.  Henry,  U.  S.  A.,  Fitchburg,  Mass.  (22). 

Prosser,  Charles  S.,  B.S.,  Cornell  Univ.,  Ithaca,  N.  Y.  (33).    B  P 


MEMBERS. 


Iv 


Prosser,  Col.  Wm.  F.,  North  Yakima,  Yakima  Co.,  Washington  Terr.  (26). 

EI 
Pruyx,  John  V.  L.,  jk.,  Albany,  N.  Y.  (29). 
Pulsifer,  Mrs.  C.  Boardman,  St.  Louis,  Mo.  (33). 
Purinton,  Prof.  George  D.,  Ark.  Univ.,  Fayetteville,  Ark.  (31).  C  P 
Putnam,  Chas.  P.,  M.D.,  63  Marlborough  St.,  Boston,  Mass.  (28). 

Rand,  C.  F.,  M.D.,  Batavia,  N.  Y.  (27). 

Randolph,  L.  S.,  Fernaudina,  Fla.  (33).  D 

Raser,  J.  Heyl,  4  W.  Wnlnut  Lane,  Germautown,  Pa.  (33).  E 

Rau,  Eugene  A.,  Bethlehem,  Pa.  (33).    P 

Rausch,  Chas.,  2414  Cecile  St.,  St.  Louis,  Mo.  (33).     I 

Read,  Matthew  C,  Hudson,  Ohio  (36). 

Reber,  Prof.  Louis  E.,  State  College,  Centre  Co.,  Pa.  (35).  D 

Reed,  Charles  J.,  936  Seventh  Ave.,  West  Denver,  Col.  (34).    O  B 

Reed,  Prof.  Henry  F.,  Case  School  Applied  Science,  Cleveland,  Ohio  (36). 

Reese,  Jacob,  78  Diamond  St.,  Pittsburgh,  Pa.  (33).  D  B 

Remington,  Cyrus  K.,  Buffalo,  N.  Y.  (35).  E 

Remington,  Joseph  Price,  Philadelphia  College  of  Pharmacy,  145  N.  10th 
St.,  Philadelphia,  Pa.  (33).  C 

Renninger,  John  S.,  M.D.,  Marshall,  Minn.  (31).  C  P 

Reyburn,  Robert,  M.D.,  2129  I*St.,  N.  W.,  Washington,  D.  C.  (33).  P 

Reynolds,  Sheldon,  Willies  Barre,  Pa.  (33).  H 

Rice,  Herbert  S.,  Lawrence,  Mass.  (32).   D  C 

Rich,  Jacob  Monroe,  50  W.  38th  St.,  New  York,  N.  Y.  (33).  B  A 

Richardson,  Tobias  G.,  M.D.,  282  PrytaniaSt.,  New  Orleans,  La.  (30).  H 

Richmond,  Geo.  B.,  Lansing,  Mich.  (34).    C  B 

Ricketts,  Col.  R.  Bruce,  Wilkes  Barre,  Pa.  (33).   E 

Rideout,  Bates  S.,  Levviston,  Me.  (31).  E  H 

Ries,  Ellas  E.,  145  South  Broadway,  Baltimore,  Md.  (33).   B  I 

Riggs,  Geo.  W.,  115  West  47th  St.,  New  York,  N.  Y.  (26).  C 

Riggs,  Lawrason,  814  Cathedral  St.,  Baltimore,  Md.  (36). 

Ringueberg,  Eugene  N.  S.,  M.D.,  Lockport,  N.  Y.  (33).  E  P 

Rising,  Prof.  Willard  Bradley,  Univ.  of  California,  Berkeley,  Cal.  (36). 

RiVKKA,  Jos6  DK,  Inwood-on-the-Hudson,  New  York,  N.  Y.  (29). 

Robbins,  E.  P.,  Room  12,  Apollo  Building,  N.  W.  cor.  Walnut  and  Fifth 
Sts.,  Cincinnati,  Ohio  (30):  D  B 

Roberts,  Prof.  Milton  Josiah,  105  Madison  Ave.,  New  York,  N.  Y.  (33). 

B  D  H 
ROBKKTSON,  Thomas  D.,  Rockford,  111.  (10).  E  H 
Robeson,  Henry  B.,  care  Mills,  Robeson  &  Smith,  34  Wall  St.,  New  York, 

N. Y.  (29). 
Robinson,  Prof.  Franklin  C,  Brunswick,  Me.  (29).  O  D 
Robinson,  Prof.  Otis  Hall,  273  Alexander  St.,  Rochester,  N.  Y.  (23).  B  A 
Robinson,  Prof.  Thomas,  Howard  Univ.,  Wa.shington,  D.  C.  (33).  B  C  A 
Rochester,  DeLancy,  M.D.,  216  Franklin  St.,  Buffalo,  N.  Y.  (35).  P 
Rock  wood,  Charles  G.,  Newark,  N.  J.  (86). 


Ivi 


MEMBERS. 


Eoe,  Dr.  John  O.,  28  North  Clinton  St.,  Eochester,  N.  Y.  (35).  P 

Rogers,  A.  J.,  318  Ogden  St.,  Milwaukee,  Wis,  (34).  B  C 

Rogers,  Miss  Josephine  E.,  212  E.  50th  St.,  New  York,  N.  Y.  (36). 

Rogers,  Hon.  Sherman  S.,  Buffalo,  N.  Y.  (35). 

Rolfe,  Charles  W.,  Univ.  of  Illinois,  Champaign,  111.  (32). 

Roosevelt,  Hon.  Robert  B.,  17  Nassau  St.,  New  York,  N.  Y.(33).  B  F 

Ross,  Denman  Waldo,  Ph.D.,  Cambridge,  Mass.  (29). 

Rouse,  Martin  L.,  343  Church  St.,  Toronto,  Can.  (34).  H 

Rowell,  Chas,  E.,  M.D.,  Stamford,  Conn,  (33),  P  H 

Rupp,  August,  A.B,,  New  York  College,  New  York,  N.  Y,  (35). 

Rupp,  Philip,  M.D.,  125  2nd  Ave.,  New  York,  N.  Y.  (35). 

Rusby,  Henry  H.,  M.D.,  care  Parke,  Davis  &  Co.,  Detroit,  Mich.  (36).  P 

Russell,  Dr.  Linus  E.,  Springfield,  Ohio  (30). 

Rust,  Horatio  N.,  South  Pasadena,  Los  Angeles  Co.,  Cal.  (26).  H 

Sacket,  Miss  Eliza,  Cranford,  N,  J.   (35).  P  H 

Safford,  Charles  W.,  Rutland,  Vt.  (26).  D  C 

Sage,  John  H.,  Portland,  Conn.  (23).  P 

Sander,  Dr.  Enno,  St.  Louis,  Mo.  (27).  -C 

Sargent,  Frederick  Le  Roy,  Botanical  Laboratory,  University  of  Wis- 
consin, Madison,  Wis.  (29).   p 

Satterlee,  Samuel  K.,  P.  O.  Box  1017,  New  York,  N.  Y.  (36). 

Saunders,  Sara  Louise,  Box  54,  Englewood,  N.  J.  (36). 

Saville,  James  H.,  Attorney-at-Law,  1419  F  St.,  N.  W.,  Washington, 
D.  C.  (29). 

Sawyers,  Mrs.  Alice  M.  S.,  1015  Burnett  St.,  Fort  Worth,  Texas  (34). 

Sayre,  Robert  H.,  Bethlehem,  Pa.  (28).  D 

Scammon,  J.  Young,  Chicago,  111.  (17). 

Schaefer,  Frederich.  care  Fort  Wayne  Jenney  Electric  Light  Co.,  Fort 
Wayne,  Ind.  (34). 

SCHAFFER,  Chas.,  M.D.,  1309  Arch  St. ,  Philadelphia,  Pa.  (29).  P  B 

Schaffranck,  A.,  Ph.D.,  Botanist,  Palatka,  Fla.  (27). 

Scharar,  Christian  H.,  2073  N.  Main  Ave.,  Scrauton,  Pa.  (33).  A  D  B  H 

SCHEUMKRHOHN,  F.  AuG.,  61  University  Place,  New  York,  N.  Y.  (36). 

SciiERMERHORN,  Wm.  C,  49  W.  23d  St.,  New  York,  N.  Y.  (36). 

Schimpff,  Robert  D.,  Scranton,  Pa.  (36). 

Schmid,  Dr.  H.  Ernest,  White  Plains,  N.  Y.  (25). 

Schobinger,  John  J.,  2101  Indiana  Ave.,  Chicago,  111.  (34).  B 

Schofield,  J.  M.,  Governor's  Island,  N.  Y.  (36). 

Schoney,  Dr.  L.,  324  E.  72nd  St.,  New  York,  N.  Y.  (29).  P 

Schou,  A.  H.,  677  25th  St.,  Oakland,  Cal.  (35). 

Schram,  Nicholas  H.,  Newburgh,  N.  Y.  (33).  B  D 

Schrenk,  Prof.  Joseph,  Hoboken,  N.  J.  (36). 

Schuette,  J.  H.,  Green  Bay,  Wis.  (34).   P  B  B 

Schultz,  Carl  H.,  76  University  Place,  New  York,  N.  Y.  (29). 

Schultze,  Edwin  A.,  P.  O.  Box  56,  New  York,  N.  Y.  (33).  P 

Schulze-Berge,  Dr.  Franz,  95  Willow  St.,  Brooklyn,  N.  Y.  (36).  B 


MEMBERS.  Ivii 

Schwarz,  E.  A.,  U.  S.  Dep't  of  Agric,  Washington,  D.  C.  (29).  F 

Schweiiiitz,  Dr.  Erail  A.  von,  Salem,  N.  C.  (36).  C 

Scott,  Charles  F.,  State  Univ.,  Columbus,  Ohio  (34).  B  A 

Scott,  Evart  H.,  Ann  Arbor,  Mich.  (34).  P 

Scott,  John  B.,  1520  Arch  St.,  Philadelphia,  Pa.  (33).  C 

Scott,  Martin  P.,  M.D.,  Prof,  of  Agric.  and  Natural  History,  Blacksburg, 

Va.  (31). 
Scoville,    S.  S.,  M.D.,  Lebanon,  Ohio  (30).  B  F 
Scribner,  Edward  E.,  St.  Paul,  Minn.  (32). 

Scribner,  Frank  L.,  U.  S.  Dep't  Agric,  Washington,  D.  C.  (34).  F 
Scudder,  John  M.,  M.D.,  Cincinnati,  Ohio  (30). 
Seaman, L.  L.,  M.D.,  193  Second  Ave.,  New  York,  N.  Y.  (35).  F 
Senecal,  Hon.  L.  A.,  17  Place  d'Armes  Square,  Montreal,  Can.  (31). 
Sennett,  George  B.,  Am.  Mus.  Nat.  History,  Central  Park  (77th  St.  and 

8th  Ave.),  New  York,  N.  Y.  (31). 
Serrell,  Lemuel  W.,  140  Nassau  St.,  New  York,  N.  Y.  (36). 
Sessions,  Francis  C,  Columbus,  Oliio  (34). 
Seymour,  Arthur  Bliss,  Cambridge,  Mass.  (3G).  F 
Seymour,  James  H.,  159  Chambers  St.,  New  York,  N.  Y.  (36).  B 
Seymour,  William  P.,  M.D.,  105  Third  St.,  Troy,  N.  Y.  (19).   H 
Seyms,  George  H.,  181  Collins  St.,  Hartford,  Conn.  (31).    O 
Share,  William  W.,  336  Navy  St.,  Brooklyn,  N.  Y.  (31). 
Sharpless,  Prof.  Isaac,  Haverford  College,  Pa.  (33).  A 
Sheakkk,  a.  W.,  Pottsville,  Pa.  (28). 
Sheafer,  Walter  S.,  Pottsville,  Pa.  (25). 

Sljeldon,  Miss  Helen,  Fort  Ann,  Washington  Co.,  N.  Y.  (35).  B  B  H 
Shelton,  Prof.  lidward  M.,  Manhattan,  Kansas  (32).  F 
Shepard,  Charles,  M.D.,  Grand  Kapids,  Mich.  (34).  F 
Shepard,  James  H.,  Ypsilanti,  Mich.  (34).  C 
Sherman,  Prof.  F.  A.,  Hanover,  N.  H.  (29).  A  B 

Sherman,  Lewis,  M.D.,  171  Wisconsin  St.,  Milwaukee,  Wis.  (30).   B  C  F 
Shultz,  Charles  S.,  Hoboken,  N.  J.  (31).  F 
Sikes,  Geo.  Ricliard.s,  Buffalo.  N.  Y.  (35).  D 

Silver,  Wm.  J.,  P.  O.  Box  546,  Salt  Lake  City,  Utah  Terr.  (33).  DAB 
Simon,  Dr.  Wm.,  10  Block  St.,  Baltimore,  Md.  (29).  O 
Simpson,  E.,  Rear  Admiral  U.  S.  N.,  Navy  Dep't,  Washington,  D.C.  (28).  D 
Slade,  Elisha,  Somerset,  Bristol  Co.,  Mass.  (29).  F 
Slade,  Wm.  S.,  Bufialo,  N.  Y.  (33). 
Slocura,  Chas.  E.,  M.D.,  Defiance,  Ohio  (34).  F 
Smedley,  Sam'l  L.,  Chief  Eng.,  City  Hall,  Philadelphia,  Pa.   (33).  D 
Smith,  Benj.  G.,  Cambridge,  Mass.  (29).  I 
Smith,  Charles  H.,  Mexico,  N.  Y.  (33).  D 
Smith,  Prof.  Edgar  F.,  Springfield,  Ohio  (33).    C 
Smith,  Erwiu  F.,  Dep't  of  Agric,  Washington,  D.  C.  (34).  F 
Smith,  Geo.  Gregory,  St.  Albans,  Vt.  (36). 
Smith,  Henry  L.,  149  Broadway,  New  York,  N.  Y.  (26). 
Smith,  Mrs.  Henry  L.,  149  Broadway,  New  York,  N.  Y.  (26). 


Iviii  MEMBERS. 

Smith,  Herbert  E.,  M.D.,  Professor  of  Chem.,  Med.  Dep't,  Yale   College, 

New  Haven,  Conn.  (31).  O 
Smith,  Prof.  Herbert  S.  S.,  Coll.  of  New  Jersey,  Princeton,  N.  J.  (29).  D 
Smith,  Herbert  W.,  211  E.  3d  St.,  St.   Paul,  Minn.  (26). 
Smith,  Mrs.  J.  Lawrence,  Louisville,  Ky.  (26). 
Smith,  J.  W.,  M.D.,  Charles  City,  Iowa  (21). 

Smith,  Miss  Jennie,  Peabody  Museum,  Cambridge,  Mass.  (29).  H 
Smith,  Lee  H.,  M.D.,  Allen  St.,  Buflfalo,  N.  Y.  (35).  F 
Smith,  Lyndon  A.  (33). 
Smith,  Oberlin,  Bridgeton,  N.  J.  (33).  D  B 
Smith,  Prof.  Thomas  A.,  Beloit,  Wis.  (33).  B  A 
Smith,  Thomas  H.,  337  The  Rialto,  Chicago,  111.  (31).  I 
Smith,  Uselma  C,  707  Walnut  St.,  Philadelphia,  Pa.  (33).  P 
Smuclter,  Isaac,  Newark,  Ohio  (29).     H 
Smyth,  Prof.  Jas.  D.,  Burlington,  Iowa  (28).   I 
Snelling,  Geo.  H.,  23  Beacon  St.,  Boston,  Mass.  (29). 
Snow,  Anna  Brooks,  53  Pineapple  St.,  Brooklyn,  N.  Y.  (36). 
Snow,  Benj.  W.,  Ohio  State  Univ.,  Columbus,  Ohio  (35).  B 
Snyder,  Henry,  jr.,  B.Sc,  Miami  Univ.,  Oxford,  Ohio  (30). 
Soley,  John  C,  68  Devonshire  St.,  Boston,  Mass.  (29). 
Solomons,  Miss  Kate  C,  Sumter,  S.  C.  (31). 
Solomons,  Miss  Maude  C,  Sumter,  S.  C.  (31). 
Soule,  Wm.,  Ph.D.,  Mount  Union,  Stark  Co.,  Ohio  (33).    BOB 
South  wick,  E.  B.,  Arsenal  Building,  Central  Park,  New  York,  N.  Y.  (36). 
South  worth.  Miss  Effie  A.,  Forestville,  N.  Y.  (35).  P 
Souvielle,  Mrs.  M.,  Jacksonville,  Fla.  (24).  A  B  P 
Souvielle,  Mathieu,  M.D.,  Jacksonville,  Fla.  (36).  B  B  P 
Speck,  Hon.  Charles,  St.  Louis,  Mo.  (27). 
Spencer,  Geo.  S.,  St.  Cloud,  Minn.  (32).   B 

Spencer,  Guilford  L.,  Dept.  Agric,  Washington,  D.  C.  (36).  C  D 
Spencer,  J.  Selden,  Tarrytown-on-Hudson,  N.  Y.  (^36). 
Sperry,  Chas.,  Port  Washington,  L.  I.  (33).  D  A  B  C  B  I 
Sperry,  Prof.  Lyman  B.,  Bellevue,  Huron  Co.,  Ohio  (32).  E 
Speyers,  Clarence  L.,  Columbia,  Mo.  (36).  O 
Spice,  Robert,  586  Hancock  St.,  Brooklyn,  N.  Y.  (36). 
Spilsbury,  E.  Gybbon,  13  Burling  Slip,  New  York,  N.  Y.     (33).  B  D 
Spoflford,  Paul  N.,  P.  O.  Box  1667,  New  York,  N.  Y.  (36). 
Sprague,  C.  H.,  Maiden,  Mass.  (29). 

Sprague,  Frank  J.,  16  and  18  Broad  St.,  New  York,  N.  Y.  (29). 
Stsebner,  Fred  W.,  Westfleld,  Mass.  (28).  B  C  P 
Stam,  Colin  F.,  Chestertown,  Md.  (33).  C  P 
Starr,  Charles  S.,  M.D.,  Rochester,  N.  Y.  (31). 
Starr,  Frederick,  Ph.D.,  Cedar  Rapids,  Iowa  (36).  B  P 
Stearns,  Silas,  Ass't  U.  S.  Fish  Commission,  Pensacola,  Fla.  (28). 
Steele,  Miss  Maria  O.,  138  Montague  St.,  Brooklyn,  N.  Y.  (35).  P 
Steere,  Prof.  Jos.  B.,  Ann  Arbor,  Mich.  (34).  P  H 
Stevens,  Geo.  T.,  M.D.,  33  West  33d  St.,  New  York,  N.  Y.  (28).  B  P 


MEMBERS.  lix 

Stevenson,  Mrs.  Cornelius,  287  S.  21st  St.,  Philadelphia,  Pa.  (33). 

Stevenson,  Prof.  John  J.,  Univ.  of  New  Yorlj,  N.  Y.  (36). 

Stevenson,  W.  G.,  M.D.,  Poughlieepsie,  N.  Y.  (28).    F  H 

Stoddard,  Prof.  John  T.,  Northampton,  Mass.  (35).  B  O 

Stoller,  Prof.  James,  Union  College,  Schenectady,  N.  Y.  (36).  P 

Stone,  Mrs.  A.  B.,  150  W.  59th  St.,  New  York,  N.  Y.  (36). 

Stone,  Mrs.  Alfred,  Providence,  K.  I.  (31). 

Stone,  Leander,  3417  Indiana  Ave.,  Chicago,  111.  (32). 

Stone,  Lincoln  R.,  M.D.,  Newton,  Mass.  (31). 

Stone,  Miss  Mary  H.,  Salem,  Mass.  (25). 

Stowell,  John,  48  Main  St.,  Charlestown,  Mass.  (21). 

Strieby,  Prof.  William,  Colorado  Springs,  Col.  (31). 

Sullivan,  J.  A.,  care  Dr.  Sullivan,  86  Main  St.,  Maiden,  Mass.  (27).   A 

Sullivan,  James  F.,  1800  Spring  Garden  St.,  Philadelphia,  Pa.  (33). 

Swasey,  Oscar  F.,  M.D.,  Beverly,  Mass.  (17). 

Swathel,  Miss  Harriet  M.,  Box  17G4,  Ann  Arbor,  Mich.   (34).  P 

Szold,  Miss  Henrietta,  702  W.  Lombard  St.,  Baltimore,  Md.  (36).  P 

Tackabury,  Geo.  N.,  Canastota,  Madison  Co.,  N.  Y.  (34). 

Taft,  Elihu  B.,  Burlington,  Vt.  (36).  H 

Talbott,  Mrs.  Laura  Osborne,  Washington,  D.  C.  (36). 

Tamari,  Kizo,  care  Japanese  Legation,  Washington,  D.  C.  (35). 

Taylor,  Clarence  G.,  Ann  Arbor,  Mich.  (34). 

Taylor,  G.  Morrison,  233  S.  4th  St.,  Philadelphia,  Pa.  (33).  B 

Taylor,  Comdr.  H.  C,  U.  S.  N.,  Poughkeepsie,  N.  Y.  (30). 

Taylor,  Prof  Jas.  M.,  Hamilton,  Madison  Co.,  N.  Y.  (33).   A  D 

Terry,  James,  Am.  Mus.  Nat.  History,  Central  Park,  77th  St.  and  8th  Ave., 

New  York,  N.  Y.  (28). 
Thomas,  N.  Wiley,  Ph.D.,  1513  Centennial  Ave.,  Philadelphia,  Pa.  (33).  O 
Thompson,  Alton  Howard,  237  Kansas  Ave.,  Topeka,  Kan.  (33).    H  P 
Thompson,  Daniel  G.,  29  Wiliiara  St.,  New  York,  N.  Y.  (29). 
Thompson,  Mrs.  Frank,  Merion  Station,  Penn.  R.  R.,  Pa.  (33). 
Thompsox,  Fked'k  F.,  care  1st  National  Bank,  2  Wall  St.,   New  York, 

N.  Y.  (36). 
Thompson,  Harvey  M.,  969  Mission  St.,  San  Francisco,  Cal.  (17). 
Thompson,  James  G.,  Norwich,  N.  Y.  (36). 
Thompson,  Maurice,  Crawsfordsville,  Ind.  (34).  E  P 
Thomson,  Prof.  Harvey,  Hastings,  Neb.  (35).  P 
Thorburn,  John,  LL.D.,  Ottawa,  Ont.,  Can.  (29).  P  H 
Thruston,  R.  C,  Ballard,  Louisville,  Ky.  (36).  B 
Thurber,  Miss  Elizabeth,  Plymouth,  Mass.  (22). 
Tiffin,  Mrs.  Jos.,  jr.,  795  Sherbrooke  St.,  Montreal,  Can.  (31). 
Tifl'any,  Asa  S.,  901  West  oth  St.,  Davenport,  Scott  Co.,  Iowa  (27).  E  H 
Tlleman,  J.  N.,  Sandy,  Utah  Terr.  (33).  C 
Titsworth,  Prof.  Alfred  A.,  Plainfleid,  N.  J.  (34).  DAB 
Tittmann,  Otto  H.,  U.  S.  Coast  and  Geodetic  Survey  Office,  Washington, 

D.  C.  (24).  A 
Towne,  Henry  R.,  Pres.  Yale  and  Towne  Manufacturing  Co.,  Stamford, 

Conn.  (33).  D  B 


Ix 


MEMBERS. 


Townsend,  David,  1723  Wallace  St.,  Philadelphia,  Pa.  (33).  D 
Tovvnsend,  Mrs.  David,  1723  Wallace  St.,  Philadelphia,  Pa.  (33).  P 
Towusend,  Franklin,  4  Elk  St.,  Albany,  N.  Y.  (4). 
Townsend,  Henry  C,  709  Walnut  St.,  Philadelphia,  Pa.  (33).  I 
Traphagen,  Frank  W.,  Ph.D.,  Prof,  of  Chemistry,  The  College  of  Montana 

Deer  Lodge,  Montana  (35).  O  F 
Treat,  Erastus  B.,  Publisher  and  Bookseller,  771  Broadway,  New  York, 

N.  Y.     (29).  P  I 
Trenholm,  Hon.  W.  L.,  U.  S.  Comptroller  of  Currency,  Washington,  D.  C. 

(35). 
Trimble,  Prof.  Henry,  632  Marshall  St.,  Philadelphia,  Pa.  (34).  C. 
Trowbridge,  Luther  H.,  266  Woodward  Ave.,  Detroit,  Mich.  (29). 
Trowbridge,  Mrs.  L.  H.,  266  Woodward  Ave.,  Detroit,  Mich.  (21). 
Tucker,  Rev.  William,  D.D.,  Mt.  Gilead,  Morrow  Co.,  Ohio  (35).  H 
Tucker,  Willis  G.,  M.D.,  Albany  Medical  Coll.,  Albany,  N.  Y.  (29).  O 
Tuckerman,  Frederick,  M.D.,  Amherst,  Mass.  (36).  P 
Tullock,  Alonzo  J.,  Engineer,  Leavenworth,  Kansas  (35).    D 
Turner,  Henry  Ward,  Box  2160,  U.  S.  Geol.  Survey,  San  Francisco,  Cal. 

(34).  E 
Tweedale,  John  B.,  M.D.,  St.  Thomas,  Ont.,  Can.  (35).  H 
Tyler,  Edward  R.,  931  O  St.  N.  W.,  Washington,  D.  C.  (31). 

Ulrich,  Edward  0.,  280  Central  Ave.,  Newport,  Ky.  (35). 

Vail,  Prof.  Hugh  D.,  Santa  Barbara,  Cal.  (18). 

Valentine,  Benj.  B.,  Richmond,  Va.  (33).  H 

Valentine,  Edw.  P.,  Richmond,  Va.  (33).  H 

Valentine,  Ferdinand  C,  M.D.,  347  Produce  Exchange,  New  York,  N.  Y. 

(31). 
Van  Bkuren,  Frederick  T.,  21  W.  I'th  St.,  New  York,  N.  Y.  (36). 
Van  Brunt,  C,  P.  O.  Box  1119,  New  York,  N.  Y.  (28). 
Van  Vleck,  Frank,  Instructor  in  Mechanism,  Sibley  College,  Cornell  Univ., 

Ithaca,  N.  Y.  (35).  D 
Vasey,  George,  M.D.,  Dep't  of  Agric,  Washington,  D.  C.  (32).  F 
Vaux,  Geo.,  jr.,  1715  Arch  St.,  Philadelphia,  Pa.  (33).  B  A 
Veeder,  Major  Albert,  M.D.,  Lyons,  Wayne  Co.,  N.  Y.  (36). 
Vermyng,  J.  J.  B.,  M.D.,  98  Spring  St.,  New  Bedford,  Mass.  (29).  P 
Viele,  Gen.  Egbert  L.,   Riverside  Ave.  and  88th  St.,  New  York,  N.  Y. 

(33).  B  I 
Vieth,  William,  cor.  8th  and  Freeman  Sts.,  Cincinnati,  O.  (28). 
Villard,  Fanny  G.,  Dobbs  Ferry,  N.  Y.  (36). 
Vining,  Edward  P.,  175  Dearborn  St.,  Chicago,  111.  (32).  H 
Voorhees,  Chas.  H.,  M.D.,  P.  O.  Lock  Box  120,  New  Brunswick,  N.  J. 

(29).  P  H 
Voorhis,  William,  Nyack,  N.  Y.  (36). 
Vredenburgh,  Edw.  H.,  Rochester,  N.  Y.  (29). 
Vulte,  Hermann  T.,  Ph.B.,  School  of  Mines,   Columbia  College,  New 

York,  N.  Y.  (30). 


MEMBERS.  \xi 

Wagner,  Frank  C,  9  Neptune  St.,  Lynn,  Mass.  (34).  D 

Waite,  Dr.  Henry  R.,  120  Broadway,  New  York,  N.  Y.  (35).  I 

Wakeman,  Thaddeus  B.,  93  Nassau  St.,  New  York,  N.  Y,  (25).  H  I 

Walden,  Mrs.  Clara,  720  W.  Fiftli  St.,  Fort  Worth,  Texas  (34).  H  B 

Waldstein,  Martin  E.,  Ph.D.,  44  Trinity  Place,  New  York,  N.  Y.  (32).  O 

Wales,  Salem  H.,  25  E.  55th  St.,  New  York,  N.  Y.  (36). 

Wales,  William,  53  Nassau  St.,  New  York,  N.  Y.  (36). 

Walker,  G.  S.,  M.D.,  2809  Washington  Ave.,  St.  Louis,  Mo.  (27).  P  B 

Walker,  George  C.,  228  Michigan  Ave.,  Chicago,  111.  (17). 

Walker,  Philip,  Dep't  of  Agric,  Washington,  D.  C.  (33).  B  D 

Wall,  John  L.,  338  Sixth  Avenue,  New  York,  N.  Y.  (27).  P 

Walter,  Robert,  M.D.,  Walter's  Park  P.  O.,  Wernersville,  Pa.  (33).   P  BE 

Walton.  Jos.  J.,  924  Chestnut  St.,  Philadelphia,  Pa.  (29). 

Walworth,  Rev.  Clarence  A.,  41  Chapel  St.,  Albany,  N.  Y.  (28).  B 

Walworth,  Mrs.  Ellen  Hardin,  Saratoga  Springs,  N.  Y.  (28). 

Wanner,  Atreus,  York,  York  Co.,  Pa.  (36).  H 

Ward,  J.  Langdon,  120  Broadway,  New  York,  N.  Y.  (29).  I 

Ward,  Samuel  B.,  M.D.,  Albany,  N.  Y.  (29).  P  C  A 

Ward,  AYm.  E.,  Rochester,  N.  Y.  (36).  D 

Wardwell,  George  J.,  Rutland,  Vt.  (20).  D  E 

Wardwell,  Geo.  T.,  235  Hudson  St.,  Buffalo,  N.  Y.  (35).  B 

Ware,  Wm.  R.,  Columbia  College,  New  York,  N.  Y.  (36). 

Waring,  Col.  George  E.,  jr.,  Newport,  R.  I.  (29).  I 

Waring,  John,  care  Mather  Electric  Co.,  Hartford,  Conn.  (33).  D  B 

Warner,  Hulbert  H.,  Rochester,  N.  Y.  (31).  A 

Warner,  Worcester  R.,  E.  Prospect  St.,  Cleveland,  Ohio  (33).  A  B  D 

Warren,  A.  Coolidge,  239  W.  21st  St.,  The  Delaware,  New  York,  N.  Y, 

(34).  B  H 
Warren,  Miss  Lillie  E.,  239  W.  21st  St.,  The  Delaware,  New  York,  N.  Y. 

(35).  H  B 
Warren,  Samuel  D.,  220  Devonshire  St.,  Boston,  Mass.  (29). 
Warren,  Mrs.  Samuel  D.,  67  Mt.  Vernon  St.,  Boston,  Mass.  (29). 
Warrington,  James  N.,  Vulcan  Iron  Works,  86  No.  Clinton  St.,  Chicago, 

111.    (34).  DAB 
Waterhouse,  Ai,  M.D.,  Jamestown,  N.  Y.  (29).  p 
Waters,  Edwin  F.,  131  Newbury  St.,  Boston,  Mass.  (29). 
Watkus,  Geo.  F.,  8  Beacon  St.,  Boston,  Mass.  (29).    B  P  H  B  D 
Watkins,  L.  D.,  Manchester,  Mich.  (34).  O 
Wat.son,  Miss  C.  A.,  Salem,  Mass.  (31).  D 
Webb,  Dr.  DeWitt,  St.  George  St.,  St.  Augustine,  Fla.  (36). 
Webb,  Miss  Sarah  E.,  Pilizabeth,  N.  J.  (33).  H  P 
Weber,  Prof.  Henry  A.,  Ohio  State  Univ.,  Columbus,  Ohio  (35).  P 
Webster,  F.  M.,  La  Fayette,  Ind.  (35). 
Weeden,  Hon.  Joseph  E.,  Randolph,  N.  Y.  (31). 

Weeks,  Joseph  D.,  Editor  American  Manufacturer,  Pittsburgh,  Pa.  (35).  D 
Weitbrecht,  George,  469  North  St.,  St.  Paul,  Minn.  (32).  O    E 
Welch,  Thomas  V.,  Sup't  State  Reservation,  Niagara  Falls,  N.  Y.  (35). 


Ixii  MEMBERS. 

Wells,  Mrs.  C.  F.,  753  Broadway,  New  York,  N.  Y.  (31).    H  P  I  D  B 

Wells,  Samuel,  31  Pemberton  Square,  Boston,  Mass.  (24).  H 

Wendte,  Rev.  C.  W.,  Oakland,  Cal.  (29).  H  I 

West,  E.  P.,  State  Univ.,  Lawrence,  Kan.  (33). 

West,  Mrs.  E.  S.,  54  W.  55th  St.,  New  York,  N.  Y.  (36).  B 

Wetzler,  Jos.,  Room  175,  Potter  Building,  New  York,  N.  Y.  (36). 

Wheeler,  Arthur  S.,  Tulane  Univ.,  New  Orleans,  La.  (36). 

Wheeler,  Chas.  F.,  Hubbardston,  Ionia  Co.,  Mich.   (34).  P  E 

Wheeler,  Herbert  A.,  Washington  Univ.,  St.  Louis,  Mo.  (33).  E  I 

Wheeler,  Moses  D.,  M.E.,  P.  O.  Box  539,  Stapleton,  Richmond  Co.,  N.  Y. 

(35).  D 
Wheeler,  T.  B.,  M.D.,  714  Craig  St.,  Montreal,  Canada  (11). 
Wheildon,  Miss  Alice  W.,  Concord,  Mass.  (31). 
Whelen,  Edw.  S.,  1520  Walnut  St.,  Philadelphia,  Pa.  (33). 
Whetstone,  John  L.,  Summit  Ave.,  Mt.  Auburn,  Cincinnati,  Ohio  (30).  D 
Whitall,  Henry,  1019  N.  3d  St.,  Camden,  N.  J.  (33).  A  E 
White,  Charles  H.,  Surgeon  U.  S.  N.,  care  of  the  Navy  Dep't,  Washing- 
ton, D.  C.  (34).  C 
White,  Prof.  Charles  Joyce,  Cambridge,  Mass.  (29).  A 
White,  James  G.,  Univ.  of  Neb.,  Lincoln,  Neb.  (34).  B  A 
White,  James  W.,  M.D.,  Chestnut,  S.  E.  cor.  12th  St.,  Philadelphia,  Pa. 

(33).  H  I 
White,  John  Fleming  (35).  O 

White,  LeRoy  S.,  Box  324,  Waterbury,  Conn.  (23). 
White,  Loomis  L.,  7  E.  44th  St.,  New  York,  N.  Y.  (36). 
Whiting,  S.  B.,  Pottsville,  Pa.  (33).  D 

Whitlock,  Prof.  Roger  H.,  College  Station,  Texas  (36).  A  B  D 
Whitman,  Gilbert  P.,  Manchester,  N.  H.  (30). 
Wiechmann,  F.  G.,  School  of  Mines,  Columbia  College,  New  York,  N.  Y. 

(30).  C  E 
Wight,  Orlando  W.,  M.D.,  Detroit,  Mich.  (34).  H  P 
Wilbour,  Mrs.  Charlotte  B.,  care  J.  M.  Furley,   with  Haley  &  Co.,   397 

Broadway,  New  York,  N.  Y.  (28). 
Wilcox,  Miss  Emily  T.,  85  Second  St.,  Troy,  N.  Y.  (33).  B   A 
Wilder,  Alex.,  M.D.,  565  Orange  St.,  Newark,  N.  J.  (29).  H  P  I 
Wilkinson,  J.  Henderson,  320  E.  Capitol  St.,  Washington,  D.  C.  (35).  E 
Wilkinson,  Mrs.  L.  V.,  Seventy  Six  P.  O.,  Perry  Co.,  Mo.  (30). 
Willet,  Joseph  Edgerton,  Macon,  Ga.  (36).  E 
Willetts,  Joseph  C,  Skaneateles,  N.  Y.  (29).  B  P  H 
Williams,  Prof.  Edward  H.,  jr..  Box  463,  Bethlehem,  Pa.  (25).  E  D 
Williams,  Francis  H.,  M.D.,  15  Arlington  St.,  Boston,  Mass.  (29). 
Williams,  H.  Smith,  M.D.,  Independence,  Iowa  (34).    P 
Williams,  J.  Francis,  Salem,  N.  Y.  (31).  C  E 

Williams,  P.  O.,  M.D.,  Watertown,  Jefferson  Co.,  N.  Y.  (24).    A  B 
Willis,  Bailey,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (36). 
Wills,  William  R.,  Waltham,  Mass.  (30). 
Willson,  Robert  W.,  Cambridge,  Mass.  (30).  B  A 


MEMBERS.  Ixiii 

Wilraot,  Thos.    J.,  Commercial  Cable   Co.,   Waterville,   County  Kerry, 

Ireland     (27).  B 
"Wilson,  C.  H.,  Belize,  British  Honduras  (30).  E  C  D 
Wilson,  Clias.  M.,  M.D.,  1517  Walnut  St.,  riiiladelphia,  Pa.  (33).  F  H 
Wilson,  Prof.  Edmund  B.,  Brvn  Mavvr,  Pa.  (36). 
Wilson,  J.  M.,  Rlverton,  111.  (33). 

Wilson,  Dr.  Jas.  C,  Cor.  17th  and  Samson  Sts.,  Philadelphia,  Pa.  (33).  P 
Wilson,  Thomas,  1218  Connecticut  Ave.,  Washington,  D.  C.  (36).  H 
Winchell,  Martin  R.,  120  Nassau  St.,  New  York,  N.  Y.  (36).  I 
Wiuchell,  Horace  V.,  10  Slate  St.,  Minneapolis,  Minn.  (3-1).  E  C 
Wingate,  Miss  Hannah  S.,  208  Raymond  St.,  Broolilyn,  N.  Y.  (31).  B  I 
Wiuterburn,  Geo.  Wm.,  M.D.,  29  W.  26th  St.,  New  Yorli,  N.  Y.  (36).  P  H 
Wisser,  John  P.,  1st  Lt.  1st  Art'y,   U.  S.  A.,  West  Point,  N.  Y.  (33).    C 
Witherowe,  James  P.,  Pittsburgh,  Pa.  (33). 
Withers,  W.  A.,  A.M.,  Agricultural  Experiment  Station,  Raleigh,  N.  C. 

(33).     C 
Wilthaus,  Dr.  R.  A.,  410  E.  26th  St.,  New  Yorlt,  N.  Y.  (35). 
Wolcott,  Mrs.  Henrietta  L.  T.,  Dedham,  Mass.  (29). 
Wolf,  Theo.  R.,  Ph.D.,  Newaik,  Delaware  (36). 
Wolflf,  Dr.  J.  E.,  U.  S.  Geol.  Survey,  Newport,  R.  I.  (36), 
Wood,  AlvinusB.,  Ann  Arbor,  Mich.  (34).  E 
Wood,  Harry  A.,  M.D.,  Slate  Insane  Asylum,  Buffalo,  N.  Y.  (35). 
Wood,  Joseph  S.,  Mount  Vernon,  Westchester  Co.,  N.  Y.  (36). 
Wood,  Dk.  Robkkt  W.,  Jamaica  Plain,  Mass.  (29). 
Wood,  Walter,  400  Chestnut  St.,  Philadelphia,  Pa.  (33).    P  I 
Wood,  Dr.  William  B.,  17  E.  38th  St.,  New  York,  N.  Y.  (36). 
Woodford,  Prof.  A.  B.,  Indiana  Univ.,  Bloomington,  Ind.  (36).  I 
Worthen,  W.  E.,  63  Bleeker  St.,  New  York,  N.  Y.  (36). 
Worthington,  George,  Editor  Electrical  Review,  13  Park  Row,  New  York, 

N.  Y.  (36).  B  D 
Wright,  Prof.  Thos.  W.,  Union  College,  Schenectady,  N.  Y.  (36). 
Wurtele,  Miss  Minnie,  Acton  Vale,  P.  Q.,  Can.  (32).  H 
Wyman,  Waller  C,  158  Dearborn  St.,  Chicago,  111.  (34).    H 

Youmans,  Mrs.  Celia  G.,  Mount  Vernon,  N.  Y.  (36). 

Youmans,  Wm.    Jay,  M.D.,    Popular   Science  Monthly,  1-5    Bond   St., 

New  York,  N.  Y.  (28).  P  C 
Young,  Prof.  A.  Harvey,  Hanover  College,  Hanover,  Ind.  (30;.  P  O 
Young,  Albert  B.,  29  Park  St.,  Buffalo,  N.  Y.  (35). 

Zalluski,  E.  L.,  Ist  Lt.,  5th  Art'y,  U.  S.  A.,  Fort  Hamilton,  N.  Y.  (36). 
Zimmerman,  William,  164  Dearborn  St.,  Chicago,  lil.  (80).  P  D  B 

[1288  Patrons  and  Members.] 

Note.— The  omission  of  an  address  in  tlie  foregoing  list  indicates  that  letters 
directe<l  to  that  last  printed  were  returned  as  uncalled  for.  Information  of  the  present 
address  of  the  members  so  indicated  is  requested  by  the  Permanent  Sbcrktart. 


Ixiv  FELLOWS. 


HONOEAEY  FELLOWS.* 

KoGERS,  William  B.,  Boston,  Mass.  (1).     1881.     (Died  in  1882.) 
Chevreul,  Michel  EuGiiNE,  Paris  (35).     1886. 

PELLOWS.* 

Aaron,  Eugene  M.,  331  Walnut  St.,  Philadelphia,  Pa.  (33).     1886.  P 
Abbe,  Professor  Cleveland,  Army  Signal  Office,  Washington,  D.  C.  (16). 

1874.  BA 
Abbott,  Dr.  Chas.  C,  Trenton,  N.  J.  (29).     1883.  P  H 
Abbott,  Miss  Helen  C.  De  S.,  1509  Locust  St.,  Philadelphia,  Pa.    (33). 

1885.    C  P 
Adams,  Frank  Dawson,  141  Rideau  St.,  Ottawa,  Can.  (29).     1885. 
Aldeu,  Prof.  Geo.  I.,  Worcester,  Mass.  (33).     1885.  D 
Alexander,  John  S.,  1935  Arch  St.,  Philadelphia,  Pa.  (20).     1874.  BCD 
Allen,  Dr.  Harrison,  117  S.  20th  St.,  Philadelphia,  Pa.  (29).  1882.  P 
Allen,  Joel  A.,   American  Museum  of  Natural  History,    Central  Park, 

New  York  (18).  1875.  P 
Allen,  Dr.  T.  F.,  10  E.  36th  St.,  New  York,  N.  Y.  (35).     1887.  P 
Alvord,  Henry  E.,  C.E.,  Amherst,  Mass.  (29).     1882.   I 
Ammen,  Daniel,  Rear  Admiral  U.  S.  Navy,  Beltsville,  Md.  (26).     1881.  E 
Anderson,  Dr.  Joseph,  Waterbnry,  Conn.  (29).     1883.  H 
Anthony,  Prof.  Wra.  A.,  Cornell  Univ.,  Ithaca,  N.  Y.  (28).     1880.  B 
Arthur,  J.  C,  Geneva,  N.  Y.  (21).     1883.  P 

Ashburner,  Charles  A.,  Penn  Building,  Pittsburgh,  Pa.  (31).     1883.  E 
Atkinson,  Edward,  31  Milk  St.,  Boston,  Mass.  (29).     1881.  I  D 
Atwater,  Prof.  W.  O.,  Wesleyan  Univ.,  Middletown,  Conn.  (29).  1882.   C 
Auchincloss,  Wm.  S.,  209  Church  St.,  Philadelphia,  Pa.  (29).   1886.  D  A 
Austen,  Peter  T.,  Ph.D.,   Rutgers  College,  Lock  Box  No.  2,  New  Bruns- 
wick, N.  J.  (26).     1879.    C 
Ayres,  Prof.  Brown,  Tulane  University,  New  Orleans,  La.  (31).     1885.  B 
Ayres,  Howard,  Museum  Comp.  Zoology,  Cambridge,  Mass.  (34).  1886.  P 

Babcock,  S.  Moulton,  N.  Y.  Agricultural  Experiment  Station,   Geneva, 

N.  Y.  (33).     1885.   C 
Bailey,  Prof.  W.  W.,  Brown  University, Providence,  R.  I.  (18).     1874.   P 
Baker,  Frank,  M.D.,  1315  Corcoran  St.,  Washington,  D.  C.  (31).      1886. 

PH 

1  See  Article  VI  of  the  Constitution.    '  See  Article  IV  of  the  Constitution. 

%*The  number  in  piirentliesis  indicates  the  meeting  at  wliich  the  member  joined 
the  Association ;  the  date  following  is  the  year  when  made  a  Fellow;  the  black  letters 
at  end  of  line  are  those  of  the  sections  to  which  the  fellow  belongs. 

When  tlie  name  is  given  in  small  capitals,  it  designates  that  the  Fellow  is  also  a 
Life  Member,  and  is  entitled  to  the  Annual  Volume  of  Proceedings. 


FELLOWS.  IXV 

Baker,    Marcus,   U.  S.    Geological    Survey,   Washington,    D.    C.    (30). 

1882.  A 

Bauker,  Puof.  G.  F.,  Univ.  of  Penn.,  Philadelphia,  Pa.  (13).    1875.   B  C 
Barnard,  Edward  E.,  Observatory  of  Vanderbilt  University,  Nashville, 

Tenn.  (26).  1883.  A 
Barnard,  F.  A.  P.,  President  Columbia  College,  New  York,  N.  Y.   (7). 

1874.  B  D  I  A  P 
Barnes,  Prof.  Chas.  R.,  241  Columbia  St.,  La  Fayette,  Ind.  (33).     1885.  F 
Bartlett,   Prof.   Edwin  J.,   Dartmouth  College,   Hanover,  N.   H.     (28). 

1883.  C 

Bartlett,  John  R.,  Commander  U.  S.  N.,  Navy  Dep't,  Washington,  D.  C. 

(30).  1882.    E  B 
Barus,  Carl,  Ph.D.,  National  Museum,  Washington,  D.  C.  (33).    1887.  B 
Bassett,  Homer  F.,  Waterbury,  Conn.  (23).     1874.  P 
Batchelder,  John  M.,  3  Divinity  Avenue,  Cambridge,  Mass.  (8).  1875.    B 

DI 
Bates,  Henry  Hobart,  U.  S.  Patent  Office,  Washington,  D.  C.  (33).    1887. 

B  ACD 
Bausch,  Edward,  Rochester,  N.  Y.  (26).     1883.  A  B  C  P 
Beal,   Prof.  Wm.  James,  Agricultural  College,  Ingham  Co.,  Mich.  (24). 

1880.    P 
Beardsley,  Prof.  Ai-thur,  Swarthmore  College,  Swarthmore,  Del.  Co.,  Pa. 

(33).     1885.  D 
Beauchamp,  Rev.  Wm.  M.,  Baldwinsville,  N.  Y.  (34).     1886.  H 
Bebb,  M.  S.,  926  Grant  Ave.,  Rockford,  111.  (34).     1886.  P 
Bell,  Dr.  Alex.  Graham,  Scott  Circle,  1500  Rhode  Island  Ave.,  Washing- 
ton, D.  C.  (26).     1879.  B  H  I 
Bell,  Alex.  Melville,  1525  35th  St.,  Washington,  D.  C.  (31).     1885.  H 
Bell,  Samuel  N.,  Manchester,  N.  H.  (7).     1874. 

Beman,  Wooster  W.,  11  So.  5th  St.,  Ann  Arbor,  Mich.  (34).     1886.   A 
Benjamin,  Marcus,  51  East  67th  St.,  New  York,  N.  Y.  (27).     1887.  O 
Benjamin,   Rev.   Raphael,   M.A.,  St.  Clair  Hotel,  Cincinnati,  Ohio  (34). 

1887.  P  A  B  D  E  H  I 
Bessey,  Prof.  Charles  E.,  Univ.  of  Nebraska,  Lincoln,  Neb.  (21).    1880.  P 
Bethune,  Rev.  C.  J.  S.,  Trinity  College  School,  Pt.  Hope,  Ont.,  Can.  (18). 

1876.  P 

Beyer,  Dr.  Henry  G.,   U.  S.  N.,  U.  S.  National  Museum,  Washington, 

D.  C.  (81).     1884.  P 
Bickmore,  Prof.  Albert  S.,  American  Museum  of  Natural  History,   8th 

Ave.  and  77th  St.,  Central  Park,  New  York,  N.  Y.  (17).     1880.  H 
Billings,  John  S.,  Surgeon  U.  S.  A.,  Surg.  General's  Office,  Washington, 

D.  C.  (32).     1883.  P  H  / 

Blackham,  George  E.,  M.D.,  Dunkirk,  N.  Y.  (25).     1883.  P 
Blake,  Clarence  J.,  M.D.,  226  Marlborough   St.,  Boston,   Mass.     (24). 

1877.  B  P 

Blake,  Prof.  Eli  W.,  Brown  Univ.,  Providence,  R.  I.  (15).     1874.  B 
Blake,  Francis,  Auburndale,  Mass.  (23).     1874.  B  A 

A.  A.  A.  8.,  XXXVI.  E 


Ixx'l  FELLOWS. 

Boardman,  Mrs.  William  D.,  38  Kenilworth  St.,  Eoxbury,  Mass.  (28). 

1885.  E  H 
Boerner,  Chas.  G.,  Vevay,  Switzerland  Co.,  Ind.  (29).    1886.   A  S  E 
Bolton,  Dr.  H.  Caurington,  University  Club,  New  York,  N.  Y.  (17). 

1875.  C 
Bond,  Geo.  M.,  care  of  The  Pratt  &  Whitney  Co.,  Hartford,  Conn.    (33). 

1885.  D 
Borden,  Spencer,  Fall  River,  Mass.  (29).     1882.  B  C  I 
Boss,  Prof.  Lewis,  Director  Dudley  Observ.,  Albany,  N.  Y.  (26).     1878. 
Bourlce,  John  G.,   Capt.  3d  Cavalry,  U.  S.  A.,  care  of  Adj.  Gen.  U.  S.  A., 

Washington,  D.  C.  (33).     1885.  H 
Bouvg,  Thos.  T.,  Boston  Soc.  Nat.  Hist.,  Boston,  Mass.  (1).     1875.  B 
Bowditch,  Prof.  H.  P.,  Jamaica  Plain,  Mass.  (28).     1880.  P  B  H 
Bowditch,  Henry  I.,  M.D.,  113  Boylston  St.,  Boston,  Mass.  (2).  1875.  P  H 
Bowser,  Prof.  E.  A.,  Rutgers  College,  New  Brunswick,  N.  J.  (28).    1881. 
Brace,  DeWitt  B.,  Lincoln,  Neb.  (35).     1887.  B 

Brackett,  Prof.  C.  F.,  College  of  New  Jersey,  Princeton,  N.  J.  (19).  1875.  B 
Brackett,  Solomon  H.,  St.  Johnsbury,  Vt.  (29).     1884.  B  A 
Branner,  John  C,  Director  of  the  Geological  Survey  of  Arkansas,  Little 

Rock,  Ark.  (34).     1886.  E  P 
Brashear,  Jno.  A.,  Allegheny,  Pa.  (33).     1885.   A  B  D 
Brewer,  Prof.  Wm.  H.,  New  Haven,  Conn.  (20).     1875.  E  P  I 
Brewster,  William,  61  Sparks  St.,  Cambridge,  Mass.  (29).     1884.    P 
Brinton,  D.  G.,  M.D.,  Media,  Pa.  (33).     1885.  H 
Britton,  N.  L.,  Columbia  College,  New  York,  N.  Y.  (29).     1882.   P  E 
Broadhead,  Garland  Carr,  Pleasant  Hill,  Cass  Co.,  Mo.  (27).     1879.  E 
Brooks,  Wm.  R.,  Phelps,  N.  Y.  (35).  1886.  A 
Bross,  Hon.  Wm.,  Tribune  Office,  Chicago,  HI.  (7).     1874.  E  H 
Brown,  Robert,  care  of   Yale  College  Observatory,    New  Haven,   Conn. 

(11).     1874. 
Brown,  Mrs.  Robert,  New  Haven,  Conn.  (17).     1874. 
Briihl,  Gustav,  cor.  John  and  Hopkins  Sts.,  Cincinnati,  Ohio  (28).  188G.  H 
Brush,  Charles  F.,  Brush  Electric  Light  Co.,  Cleveland,  Ohio  (35).  1886.  B 
Brush,  Prof.  Gkorge  J.,  Yale  College,  New  Haven,  Conn.  (4).  1874.  C  E 
Buckhout,  W.  A.,  State  College,  Centre  Co.,  Pa.  (20).     1881.   P 
Burnham,  S.  W.,  3573  Vincennes  Ave.,  Chicago,  111.  (25).     1877.  A 
Burr,  Prof.  William  H.,  Phoenixville,  Chester  Co.,  Pa.  (31).     1883. 
Burrill,  Prof.  T.  J.,  Univ.  of  Illinois,  Cliampaign,  111.  (29).     1882.  P 
Butler,  A.  W.,  Brookville,  Franklin  Co.,  Ind.  (30).     1885.  P  H 

Caldwell,  Prof.  Geo.  C,  Cornell  University,  Ithaca,  N.  Y.  (23).     1875.    C 
Campbell,  Edw.  D.,  Box  402,  Sharon,  Mercer  Co.,  Pa.  (34).  1887.  O 
Canby,   William  M.,    1101   Delaware  Avenue,   Wilmington,   Del.    (17). 

1878.  P 
Carhart,  Prof.  Henry  S.,  University  of  Michigan,  Ann  Arbor,  Mich.  (29) 

1881.  B 
Carmlchael,  Prof.  Henry,  7  Broad  St.,  Boston,  Mass.  (21).     1875.    C 


FELLOWS.  Ixvii 

Carpenter,  Lieut.  W.  L.,  U.  S.  A.,  Dunkirk,  N.  Y.  (24).     1877.   P  E 
Carr,  Lucien,  Peabody  Museum  Archaeology  and  Ethnology,  Cambridge, 

Mass.   (25).    1877.  H 
Case,  Col.  Theo.  S.,  Kansas  City,  Mo.  (27).     1883.  H  B 
Chamberlin,  T.  C,  Madison,  Wis.  (21).     1877.  E  B  F  H 
Chandler,  Prof.  C.  F.,    School  of  Mines,  Columbia  Coll.,  50th  St.  cor.  4th 

Ave.,  New  York,  N.  Y.  (19).    1875.    C 
Chandler,  Prof.  Charles  Henry,  Ilipon,  Wis.  (28).     1883.  A  B 
Chandler,  Seth  C,  jr.,  16  Cragie  St.,  Cambridge,  Mass.  (29).     1882.  A 
Chandler,  Prof.  W.  H.,  South  Bethlehem,  Pa.  (19).  1874.  C 
Chanute,  O.,  Kansas  City,  Mo.  (17).     1877.  D  I 
Chapin,  Dr.  J.  H.,  Meriden,  Conn.     (83).  1886.  E  H 
Chester,  Prof.  Albert  H.,  Hamilton  College,  Clinton,  N.  Y.  (29).  1882.  C  P 
Chickering,  Prof.  J.  W.,  jr.,  Deaf  Mute  College,  Washington,  D.  C  (22). 

1877.  P  I 
Chittenden,  Russell  H.,  Ph.D.,  New  Haven,  Conn.  (29).     1882.  CP 
Clapp,  Miss  Cornelia  M.,  Mt.  Holyoke  Seminary,  South  Hadley,  Mass. 

(31).     1883.  P 
Clark,  Alvan  G.,  Cambridgeport,  Mass.  (28).     1880.  A  B 
Clark,  Prof.  John  E.,  Mathematics,  Yale  College,  New  Haven,  Conn.  (17). 

1875. A 
Clarke,  Miss  Cora  H.,  Jamaica  Plain,  Mass.  (29).    1884.  P  I 
Clarke,  Prof.  F.  W.,  U.  S.  Geological  Survey,  Washington,  D.  C.  (18). 

1874.  C 
Claypole,  Prof.  Edw.  W.,   Buchtel  Coll.,  Akron,  Ohio  (30).      1882.  E  P 
Clayton,  H.  Helm,  Readville,  Mass.  (34).     1887.   B 
Cloud,  John  W.,  Buffalo,  N.  Y.  (28).     1886.  A  B  D 
Coffin,  Prof.  John  H.  C,  U.  S.  Navy,  Washington,  D.  C.  (1).     1874.  A 
Coffin,  Prof.  Selden  J.,   Lafayette  College,  Easton,  Pa.  (22).      1874.  A  I 
CoUett,  Prof.  John,  Indianapolis,  Ind.  (17).     1874.    E 
Colvin,  Verplanck,  Supt.  N.  Y.  State  Adirondack  Survey,  Albany,  N.  Y. 

(28).     1880.     E 
Comstock,  Prof.  Geo.  C,  Washburn  Observ.,  Univ.  of  Wisconsin,  Madison, 

Wis.  (34).     1887.  A 
Comstock,  J.  Henry,  CornelUJniv.,  Ithaca,  N.  Y.  (28).     1882.  P 
Comstock,  Milton  L.,  641  Academy  St.,  Galesburg,  111.  (21).     1874.  A 
Comstock,  Prof.  Theo.  B.,  Prof,  of  Mining  Engineering,  Univ.  of  Illinois, 

Champaign,  111.   (24).     1877.  DEB 
Cook,  Prof.  A.  J.,  Agricultural  College,  Mich.  (24).     1880.  P 
Cook,  Prof.  George  H.,  New  Brunswick,  N.  J.  (4).     1875.  E 
Cooley,  Prof.  Le  Roy  C,  Vassar  College,  Poughkeepsie,  N.  Y.  (19).  1880. 

BC 
Cooley,  Prof.  Mortimer  E.,  Univ.  of  Michigan,  Ann  Arbor,  Mich.  (33). 

1885.    D 
Cope,  Prof.  Edward  D.,  2100  Pine  St.,  Philadelphia,  Pa.  (17).     1875.  PE 
Corthell,  Elmer  L.,  34  Nassau  St.,  Room  709,  New  York,  N.  Y.  (34).  1886.  D 
Coulter,  Prof.  John  M.,  Wabash  Coll.,  Crawfordsville,  Ind.  (32).   1884.  P 


Ixviii  FELLOWS. 

Cox,  Prof.  Edward  T.,  New  Harmony,  Ind.  (19),     1874.     E 

Cox,   Hon.   Jacob  D.,  Gilraan  Ave.,  Mt.  Auburn,  Cincinnati,  Ohio  (30). 

1881.  P 
Coxe,  Ecldey  B.,  Drifton,  Luzerne  Co.,  Pa.  (23).     1879.   D  E 
Crarapton,  Chas.  A.,  Dept.  of  Agric,  Washington,  D.  C.  (36).     1887.    C 
Crandall,  Prof.  A.  R.,  Lexington,  Ky.  (29).     1883.  E  P 
Ci'oclier,  Susan  E.,  M.D.,  Lawrence,  Mass.  (21).     1874.  E  P 
Crosby,  Prof.  Wm.  O.,  Boston  Society  of  Natural  History,  Boston,  Mass. 

(29).  1881.     E 
Cross,  Prof.  Chas.  R.,  Mass.  Institute  Technology,  Boston,  Mass.  (29). 

1880.  B 
Cummings,  Rev.  Joseph,  D.D.,  President  Northwestern  University,  Evan- 

ston,  111.  (13).  1874.  I  H 
Cutting,  Hiram  A.,  M.D.,  State  Geologist,  Lunenburgh,  Vt.  (17).  1874.  E  P 

Dabney,  Chas.  W.,  jr.,  Ph.D.,  Agricultural  Experiment  Station,  Raleigh, 

N.  C.  (30).     1882.  C  B  E 
Dall,  Mrs.  Caroline  H.,  1630  0  St.,  Washington,  D.  C.  (18).  1874.  P  H 
Dall,   William   H.,  Smithsonian    Institution,   Washington,    D.    C.    (18). 

1874.  H  P 
Dana,  Edward  Salisbury,  New  Haven,  Conn.  (23).     1875.   B  E 
Dana,  Prof.  James  D.,  New  Haven,  Conn.  (1).     1875.   E 
Danforth,  Edward,  Department  of  Public  Instruction,  Elmlra,  N.  Y.  (11). 

1874.  E  I  H  A  B 

Davenport,  B.  E.,  M.D.,  161  Tremont  St.,  Boston,  Mass.  (29).     1883.    C 
Davidson,  Prof.  Geo.,  Asst.  U.  S.  Coast  and  Geodetic  Survey,  San  Fran- 
cisco, Cal.  (29).     1881.  A  B  D 
Davis,  Wra.  Morris,  Cambridge,  Mass.   (33).     1885.  E  B 
Dawson,  Sir    William,   Principal  McGill  College,  Montreal,    Can.    (10). 

1875.  E 

Day,  David  F.,  BuflMo,  N.  Y.  (35).     1887.  P 

Day,  F.  H.,  M.D.,  Wauwatosa,  Wis.  (20).     1874.  E  H  P 

Dean,  George  W.,  P.  O.  Box  92,  Fall  River,  Mass.  (15).     1874.  A 

Dewey,   Fred  P.,   Ph.B.,    Smithsonian  Institution,   Washington,  D.  C. 

(30).  1886.   CE 
Diller,  J.  Silas,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (29).     1884.  E 
Dimmock,  George,  Cambridge,  Mass.  (22).     1874.  P 
Dinwiddle,  Robert,  117  W.  43d  St.,  New  York,  N.  Y.  (1).     1874.  P 
Dodge,  Charles  R.,  Washington,  D.  C.  (22).  1874. 
Dodge,  Prof.  James  A.,'  University  of  Minnesota,  Minneapolis,  Minn.  (29). 

1884.  C  E 
Dodge,  J.  Richards,  Washington,  D.  C.  (31).     1884.  I  H 
Dolbear,  A.  Emerson,  College  Hill,  Mass.  (20).     1880.      B 
Doolittle,  Prof.  C.  L.,  South  Bethlehem,  Pa.  (25).  1885.  A 
Dorsey,  Rev.  J.Owen,  Box  591,  Washington,    D.  C.    (31).     1883.  H 
Douglass,  Andrew  E.,  P.  0.  Box  605,  New  York,  N.  Y.  (31).     1885.  H 
Dow,  Capt.  John  M.,  69  Seventh  Ave.,  New  York,  N.  Y.  (31).  1884.  P  H 


FELLOWS.  Ixix 

Draper,  Dan'l,  Ph.D.,  Director  N.  Y.  Meteorological  Observatory,  Central 

Park,  64th  St.,  Fifth  Avenue,  New  York,  N.  Y.  (29).  1881.    B  D  P  A 
Drown,  Prof.   Thos.   M.,    Mass.  Institute  Technology,   Boston,   Mass. 

(29).  1881.  C 
Du  Bois,  PiJOF.  Aug.  J.,  New  Haven,  Conn.  (30).     1882.  A  B  D 
Du  Bois,  Patterson,  Ass't  Editor  S.S.T.,  1031  Walnut  St.,  Philadelphia, 

Pa.  (33).     1887.  H  C  I 
Dudley,  Charles  B.,  Altoona,  Pa.  (23).     1882.    C  B  D 
Dudley,  P.  H.,  66i  Pine  St.,  New  York,  N.  Y.  (29).  1884. 
Dudley,  Wm.  L.,  Prof,  of  Chemistry,  Vanderbilt  Univ.,  Nashville,  Tenn. 

(28).     1881.    C 
Dudley,  Prof.  Wm.  R.,  Ithaca,  N.  Y.  (29).     1883.  P 
Dun,  Walter  A.,  M  D.,  70  E.  4th  St., Cincinnati,  Ohio  (31).     1886.  H 
Dunnington,  Prof.  F.  P.,  University  of  Virginia,  Va.  (26).     1880.  C 
Dutton,  Capt.  C.  E.,  U.  S.  Ord.  Dept.,  Washington,  D.  C.  (23).     1875. 
Dwight,  Prof.   William  B.,  Vassar  College,  Poughkeepsie,  N.  Y.  (30). 

1882.  E  P 

Eastman,  Prof.  J.  R.,  U.  S.  NavaA  Observatory,  Washington,  D.  C.  (26). 

1879.    A 
Eaton,  Prof.  D.  G.,  55  Pineapple  St.,  Brooklyn,  N.  Y.  (19).     1874.    B  B 
Eaton,  Prof.  James  R.,  Liberty,  Mo.  (29),     1885.    C  B  E 
Eaton,   Hon.  John,  President  Marietta    College,  Marietta,  Ohio      (25). 

1883.  I 

Eddy,  Prof.  H.  T.,  Univ.  of  Cincinnati,  Cincinnati,  O.  (24).  1875.  A  B  D 
Edison,  Thos.  A.,  Menlo  Park,  N.  J.  (27).     1878.     B 
Edmands,  J.  Rayner,  Observatory,  Cambridge,  Mass.  (29).     1880. 
Egleston,   Prof.  Tliomas,  35  W.  Washington  Square,  New  York,  N.  Y. 

(27).  1879.  CDE 
Eimbeck,  William,  U.  S.  C.  and  G.  S.,  Washington,  D.  C.  (17).     1874. 

ABD 
Elkin,  William  L.,  Yale  Coll.  Observ.,  New  Haven,  Conn.  (33).    1885.   A 
Elliott,  Arthur  H.,  591  Broadway,  care  Anthony's  Bulletin,  New  York, 

N.  Y.  (23).     1880.  C 
Elliott,  Ezekiel  B.,  Government  Actuary,  Treasury  Dep't,  Washington, 

D.  C.  (10).     1874.     I  AB 
Ely,  Theo.  N.,  Sup't  Motive  Power,  Penn.  R.  R.,  Altoona,  Pa.  (29).  1886. 
Emerson,  Prof.  Benjamin  K.,  Amherst,  Mass.  (19).     1877.  E  P 
Emerson,  Prof.  C.  F.,  Dartmouth  Coll.,  Hanover,  N.  H.  (22).    1874.   B  A 
Emerton,  James  H.,  11  St.  James  Ave.,  Boston,  Mass.    (18).     1875.  P 
Emery,  Albert  H.,  Stamford,  Conn.  (29).     1884.   D  B 
Emery,  Charles  E.,  22  Cortlandt  St.,  New  York,  N.  Y.  (34).  1886.  DBA 
Emmons,  S.  F.,  U.  S.  Geol.  Survey,  Washington,  1).  C.  (26).     1879.   E 
Engelmann,   George   J.,   M.D.,  3003  Locust   St.,    St.    Louis,   Mo.    (25). 

1875.  P  H 
Evans,  Asher  B.,  500  Pine  St.,  Lockport,  N.  Y.  (19).     1874.  A 
Fairbanks,  Henry,  Ph.D.,  St.  Johnsbury,  Vt.  (14).     1874,  B  D  A 


IXX  FELLOWS. 

Fairchild,  Prof.  H.  L.,  Sec'y  N.  Y.  Acad.  Sciences,  102  E,  52d  St.,  New 

York,  N.  Y.     (28).     1883.  E  F 
Fanning,  John  T.,  Union  Depot,  Minneapolis,  Minn.  (29).     1885.   D 
Farlow,  Dr.  W.  G.,  29  Holyolie  House,  Cambridge,  Mass.  (20).     1875.    P 
Farmer,  Moses  G.,  Eliot,  Me.  (9).     1875. 

Farquliar,  Henry,  Coast  Survey  Office,  Wasliington,  D.  C.  (33).  1886.  A 
Fernald,  Prof.  Cliarles  H.,  Amherst,  Mass.  (22).     1881.  P  E 
Fernald,  Prof.  M.  C,  State  Agric.  College,  Orono,  Me.  (22).     1883.   B  A 
Fernow,  Bernhard  E.,  Chief  of  Forestry  Division,  Dep't  of  Agriculture, 

Washington,  D.  C  (31).     1887.  P  I 
Ferrel,  Wm.,  1641  Broadway,  Kansas  City,  Mo.  (11).     1875.  A  B 
Ficklin,  Prof.  Joseph,  Univ.  of  Missouri,  Columbia,  Mo.  (20).  1878.   A  B 
Fine,  Prof.  Henry  B.,  College  of  New  Jersey,  Princeton,  N.  J.  (35).  1887. 

A 
Firmstone,  F.,  Easton,  Pa.  (33).  D 

Fitch,  Edward  H.,  Jefferson,  Ashtabula  Co.,  Ohio  (11).     1874.  I  B 
Fletcher,  Miss  Alice  C,  care  Peabody  Museum,  Cambridge,  Mass.  (29). 

1883.    H 
Fletcher,  Dr.  Eobert,   Surgeon  General's   Office,  U.  S.  A.,  Washington, 

D.  C.    (29).     1881.    PH 
Flint,  Albert  S.,  U.  S.  Naval  Observ.,  Washington,  D.  C.  (30).     1887.  A 
Flint,  James  M.,  Surgeon  U.  S.  N.,  Navy  Dep't,  Washington,  D.  C.     (28). 

1882.    P 
Foote,  Dr.  A.  E.,  1223  Belmont  Ave.,  Philadelphia,  Pa.  (21).     1874.  E  C 
Forbes,  Prof.  S.  A.,  Univ.  of  Illinois,  Champaign,  HI.  (27).     1879.  P 
Fox,  Prof.  Joseph  G.,  Lafayette  College,  Easton,  Pa.  (31).  1886.  A  B  D 
Foye,  Prof.  J.  C,  Lawrence  Univ.,  Appleton,  Wis.  (29).  1884.    C  B 
Fkazer,  Dr.  Pkhsifok,  917  Clinton  St.,  Philadelphia,  Pa.  (24).  1879.  E  C 
Frazier,  Prbf.  B.  W.,  The  Lehigh  Univ.,  Bethlehem,  Pa.  (24).    1882.  E  C 
Frear,  Wm.,  State  College,  Centre  Co.,  Pa.  (33).    1886.    C 
French,  Prof.  Thomas,  jr.,  Ridgeway  Ave.,  Avondale,  Cincinnati,  Ohio 

(30).     1883.  B 
Frisby,  Prof.  Edgar,  U.  S.  N.  Observ.,  Washington,  D.  C.  (28).     1880.  A 
Fuller,  Andrew  S.,  Ridgewood,  Bergen  Co.,  N.  J.  (24).     1882.  P 
Fulton,  Prof.  Robert  B.,  University,  Miss.  (21).     1887.  B  A 

Gage,  Simon  Henry,  Ithaca,  N.  Y.  (28).    1881.  P 

Gannett,  Henry,  U.  S.  Geological  Survey,  Washington,  D.  C.  (33).  1884. 

E  I  A 
Gardiner,  Rev.  Frederic,  D.D.,  Middletown,  Conn.  (23).     1874.  C  B 
Garland,  Rev.  Dr.  L.  C,   Chancellor  Vanderbilt  University,  Nashville, 

Tenn.  (25).     1877.  B 
Garman,  Samuel,  Museum  Comparative  Zoology,  Cambridge,  Mass.  (20). 

1874.  P  E 

Gatschet,  Dr.  Albert  S.,  Box  591,  Washington,  D.  C.  (30).     1882.  H 
Genth,  Dr.   F.  A.,  University  of  Pennsylvania,  Philadelphia,  Pa.    (24). 

1875.  C  E 


FELLOWS.  Ixxi 

Gibbs,  Prof.  J.  Willard,  New  Haven,  Conn.  (33).     1885.  B 

Gilbert,  G.  K.,  Box  591,  Washington,  D.  C.  (18).     1874.  E 

GUI,  Prof.  Theo.,  Smithsonian  Institution,  Washington,  D.  C.  (17).     1874. 

Gillman,  Henry,   Detroit,  Mich.  (24).     1875.  H  P 

Gilman,  Daniel  C,  President  Johns  Hopliius  University,  Baltimore,  Md. 

(10).  1875.  E   H 
Goessman,  Prof.  C.  A.,  Mass.  Agric.  Coll.,  Amherst,  Mass.  (18).     1875.  C 
Gold,  Theodore  S.,  West  Cornwall,  Conn.  (4).    1887.  B  C 
Goldschmidt,  S.  A.,  Ph.D.,  55  Broadway,  New  York,  N.  Y.  (24).  1880.  C 

E  B 
Gooch,  Frank  A.,  Yale  College,  New  Haven,  Conn.  (25).     1880.  C 
Goodale,  Prof.  G.  L.,  Botanic  Gardens,  Cambridge,  Mass.  (18).     1875. 
Goode,  G.  Brown,  Curator  Nat'l  Museum,  Washington,  D.  C.  (22).  1874. 
Goodfellow,  Edward,  Ass't  U.  S.  Coast  and  Geodetic  Survey,  Washington, 

D.  C.  (24).     1879.  A  H 
Gould,  Dr.  B.  A.,  Cambridge,  Mass.  (2).     1875.  A  B 
Grant,  Mrs.  Mary  J.,  Brookfleld,  Conn.  (23).     1874.  A 
Gratacap,  L.  P.,  Ph.B.,  77th  St.  and  8th  Ave.,  New  York,  N.  Y.  (27).     1884. 

CEP 
Gray,  Elisha,  Sc.D.,  Highland  Park,  111.  (32).     1883.    B 
Green,  Traill,  M.D.,  Easton,  Pa.  (1).     1874.  C  P 
Grimes,  J.  Stanley,  Evanston,  Cook  Co.,  111.  (17).     1874.  E  H 
Grinnell,  George  Bird,  40  Park  Row,  New  York,  N.  Y.  (25).     1885.  P  E 
Gulley,  Prof.  Frank  A.,  Agricultural  College,  Oktibbeha  Co.,  Miss.  (30). 

1883. 

Hagen,  Dr.  Hermann  A.,  Museum  Comparative  Zoology,  Cambridge,  Mass. 

(17).    1875.  P 
Hague,  Arnold,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (26).     1879. 
Hale,  Albert  C,  Ph.D.,  Box  65,  Brooklyn,  N.  Y.  (29).     1886.    C  B 
Hale,  Horatio,  Clinton,  Ontario,  Can,  (30).     1882.  H 
Hall,  Prof.  Asaph,  U.  S.  Naval  Observ.,  Washington,  D.  C.  (25).     1877.  A 
Hall,  Prof.  C.  W.,  Univ.  of  Minnesota,  Minneapolis,  Minn.  (28).  1883.  E 
Hall,  Prof.  Edwin  H.,  5  Avon  St.,  Cambridge,  Mass.  (29).     1881.  B 
Hall,  Prof.  James,  Albany,  N.  Y.  (1).     1875.  E  P 
Hall,  Prof.  Lyman  B.,  Haverford  College,  Pa.  (31).     1884.  C 
Halsted,  Byron  D.,  Agricultural  College,  Ames,  Iowa  (29).     1883.  P 
Hamlin,  Dr.  A.  C,  Bangor,  Me.  (10).     1874.  C  E  H 
Hanaman,  C.  E.,  Troy,  N.  Y.  (19).     1883.  P 

Hardy,  Prof.  A.  S.,  Dartmouth  College,  Hanover,  N.  H.  (28).     1883,  A 
Harger,  Oscar,  14  University  Place,  New  Haven,  Conn,  (25).    1879.  P  E 
Harknkss,  Pkok.  William,  U.  S,  N.  Observatory,   Washington,  D.   C. 

(26).     1878.  A  B  C  D 
Harris,  Uriah  R.,  Lieutenant  U.  S.  N.,  Navy  Yard,  Mare  Island,  Vallejo, 

Cal.  (34).     1886.  A 
Harris,  W.  T.,  Lock  Box  1,  Concord,  Mass.  (27).  H  I 
Hart,  Edw.,  Ph.D.,  Easton,  Pa.  (33;,     1885, 


Ixxii  FELLOWS. 

Hasbrouck,  Prof.  I.  E.,  364  Carlton  Ave.,  Brooklyn,  N.  Y.  (23).     1874.    D 

AI 
Hastings,  C.  S.,  Slieffield  Scientific  School  of  Yale  College,  New  Haven, 

Conn.   (25).     1878.   B 
Haupt,  Prof.   Lewis  M.,   University  of  Pennsylvania,  Philadelphia,  Pa. 

(32).    1885.  IDE 
Haynes,  Henry  W.,  239  Beacon  St.,  Boston,  Mass.  (28).     1884.  H 
Heilprin,  Prof.  Augelo,  Acad.  Nat.  Sciences,  Philadelphia,  Pa.  (33).  1885. 

EP 
Hendricks,  J.  E.,  Des  Moines,  Iowa  (29).     1885.  A 
Hering,  Rudolph,  31  Chambers  St.,   Room  19,   New  York,   N.  Y.     (33). 

1885.  DEI 
Herrick,  Clarence  L.,  Granville,  Ohio  (31).     1884.  F  E 
Hervey,  Rev.  A.  B.,  Taunton,  Mass.  (22).     1879.  F 

Hicks,  Prof.  Lewis  E.,  State  University,  Lincoln,  Neb.  (31).     1885.  E  F 
Hilgard,   Prof.   E.    W.,   University  of  California,   Berkeley,   Cal.    (11). 

1874.    C  E   B 
Hilgard,  Prof.  J.  E.,  Washington,  D.  C.  (4).     1874.     A 
Hill,  Chas.  S.,  care  Dep't  of  State,  Washington,  D.  C.  (33).     18B7.  A  I 
Hill,  Rev.  Dr.  Thomas,  738  Congress  St.,  Portland,  Me.  (3).     1875.  A 
Himes,  Prof.  Charles  F.,  Carlisle,  Pa.  (29).     1882.   B  C 
Hitchcock,  Prof.  Charles  H.,  Hanover,  N.  H.  (11).     1874.  E 
Hitchcock,  Romyn,  Washington,  D.  C.  (29).     1881.   C  B 
Hobbs,  A.  C,  Bridgeport,  Conn.    (28).     188G.   D 
Hodges,  N.  D.  C,  Editorial  office  of  Science,  47  Lafayette  St.,  New  York, 

N.  Y.  (29).     1882.     B 
Hoffmann,  Dr.  Fred.,  183  Broadway,    New  York,  N.  Y.  (28).     1881.  C  F 
Holden,  Prof.  E.  S.,  Lick  Observatory,  San  Jos6,  Cal.  (23).  1875.  A 
Holman,  Silas  W.,  Massachusetts  Institute  of  Technology,  Boston,  Mass. 

(31).  1883.  B 
Holmes,  Dr.  Oliver  Wendell,  296  Beacon  St.,  Boston,  Mass.  (29).  1881.  H 
Holmes,  Wm.  H.,  Bureau  of  Ethnology,  Smithsonian  Institution,  Wash- 
ington,  D.   C.   (30).  1883.  H 
Horsford,  Prof.  E.  N.,  Cambridge,  Mass.  (1).     1876.    C  E 
Hosea,  Lewis  M.,  Johnston  Building,  Cincinnati,  Ohio  (30).     1883. 
Hotchkiss,  Major  Jed.,  Staunton,  Va.  (31).     1883.  E  H  I 
Hough,  Prof.  G.  W.,  Director  Dearborn  Observatory,  Chicago,  111.    (15). 

1874.  A 

Hovey,  Rev.  Horace  C,  14  Park  St.,  Bridgeport,  Conn.  (29).    1883.  E  H 

Hoy,  Philo  R.,  M.D.,  902  Main  St.,  Racine,  Wis.  (17).     1875.  F  H 

Hulst,  Rev.  Geo.  D.,  15  Himrod  St.,  Brooklyn,  N.  Y.  (29).     1887.  F 

Hunt,  George,  Providence,  R.  I.  (9).     1874. 

Hunt,  Dr.  T.  Sterry,  Montreal,  Canada  (1).     1874.    C  E 

Hyatt,  Prof.    Alpheus,   Natural   History  Society,   Boston,   Mass.    (18). 

1875.  E 

Hyde,  Prof.  E.  W.,  Walnut  Hills,  Cincinnati,  Ohio  (25).     1881.  A 

Iddings,  Joseph  P.,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (31).  1884.  E 


FELLOWS.  Ixxiii 

James,  Edmund  J.,  Ph.D.,  Univ.  of  Pa.,  Philadelphia,  Pa.  (33).     1887.  I 
James,  Prof.  Jos.  F.,  Miami  Univ.,  Oxford,  Butler  Co.,  Ohio  (30).     1882. 

PE 
Jastrow,  Dr.  Jos.,  Johns  Hopkins  Univ.,  Baltimore,  Md.  (35).    1887.  H  F 
Jayne,  Horace  F.,  1826  Chestnut  St.,  Philadelphia,  Pa.  (29).     1884.    P  H 
Jeffries,  B.  Joy,  M.D.,  15  Chestnut  St.,   Boston,  Mass.  (29).     1881.    P  H 
Jenitins,  Edw.  H.,  New  Haven,  Conn.  (33).     1885.  C 
Jenks,  Eiisha  T.,  Middleborou<<h,  Mass.  (22).     1874.  D 
Jenks,  Prof.  J.  W.  P.,  Middleborough,  Mass.  (2).     1874.  B 
Jewell,  Theo.  F.,  Commander  U.  S.  N.,  Torpedo  Station,  Newport,  R.  I. 

(25).     1882.  B 
Jillson,  Dr.  B.    C,  842   River  Ave.,  E.E.,  Pittsburgh,   Pa.   (14).     1881. 

EHP 
Johnson,  John  B.,  Washington  Univ.,  St.  Louis,  Mo.  (33).     188G.  D 
Johnson,  Lawrence  C,  U.  S.  Geol.  Survey,  Washington,  1).  C.  (33).    1887. 
Johnson,  Otis  C,  Ann  Arbor,  Mich.  (34).  1886.  C 

Johnson,  Prof.  S.  W.,  64  Trumbull  St.,  New  Haven,  Conn.  (22).    1874.  C 
Johnson,  Prof.  W.  W.,  Naval  Academy,  Annapolis,  Md.  (29).     1881.  A 
Joy,  Prof.. Charles  A.,  care  F.  Hoffmann,  Stockbridge,  Mass.  (8).     1879. 
Julien,  A.  A.,  New  York  Acad,  of  Sciences,  New  York,  N.  Y.  (24).     1875. 

E  C 

Kedzie,  Prof.  Robert  C,  Agricultural  College,  Mich.  (29).     1881.  C 
Kellicott,  David  S.,  119  Fourteenth  St.,  Buffalo,  N.  Y.  (31).     1883.  P 
Kendall,  Prof.  E.  Otis,  382G  Locust  St  ,  Philadelphia,  Pa.  (29).     1882.  A 
Kent,  William,  Passaic,  N.  J.  (26).     1881.  D  I 

Kershner,  Prof.  Jefferson  E.,  Lancaster  City,  Pa.  (29).      1883.   A  B 
Kimball,   Arthur  Lalanne,   Johns  Hopkins   Univ.,  Baltimore,  Md.   (33). 

1885.  B 
Klngsley,  Prof.  J.  Sterling,  Bloominaton,  Ind.  (33).     1886.  P 
Kinnicutt,  Leonard  P.,  5  Che.stnut  St.,  Worcester,  Mass.  (28).     1883.  C 
Kirkwood,  Prof.  Daniel,  Bloomington,  Ind.  (7).     1874.  A 
Kolbe,  C.  W.,  Ph.D.,  32  Longvvood  Ave.,  Cleveland,  Ohio  (33).     1885.    O 
Kunz,  G.  F.,  with  Tiffany  &  Co.,  New  York,  N.  Y.  (29).     1883.  E  H  C 

Laflamme,  Prof.  J.  C.  K.,  Laval  Univ.,  Quebec,  Can.  (29).     1887.    E  B 
LaFlesche,  Francis,   Indian  Bureau,  Interior  Dep't,   Washington,  D.  C. 

(33).     1885.  H 
Lambert,  Rev.  Thomas  R.,D.D.,  Charlestown,  Mass.  (18).     1874. 
Landreth,  Prof.  Olin  H.,  Vanderbilt  Univ.,  Nashville,  Tenn.  (28).    1883.  D 
Langdon,  Dr.  F.  W.,  65  West  7th  St.,  Cincinnati,  Ohio  (30).     1882.    P  H 
Langley,  Prof.  J.  W.,  Univ.  of  Mich.,  Ann  Arbor,  Mich.  (23).  1875.    C  B 
Langley,  Prof.  S.   P.,    Secretary  Smithsonian  Institution,  Washington, 

D.  C.  (18).  1874.  A  B 
Lanza,  Prof.  Gaetano,  Mass.  Institute  of  Technology,  Boston,  Mass.  (29). 

1882.  DAB 
Larkln,  Edgar  L.,  New  Windsor,  Mercer  Co.,  111.  (28).    1883.  A 


Ixxiv  FELLOWS. 

Lattimore,  Prof.  S.  A.,  University  of  Rocliester,  Eochester,  N.  Y.  (15). 

1874,  C 
Lawrence,  George  N.,  45  E.  21st  St.,  New  York,  N.  Y.  (7).     1877.  P 
Lazenby,  Prof.  Wm.  R.,  Columbus,  Ohio  (30).     1882.   B  I 
LeConte,  Prof.  Joseph,  Univ.  of  Cal.,  Berkeley,  Cal.  (29).     1881.   E   P 
Ledoux,  Albert  R.,  Ph.D.,  10  Cedar  St.,  New  York,  N.  Y.  (26).     1881.    0 
Leeds,  Prof.  Albert  R.,  Stevens  Institute,  Hoboken,N.  J.  (23).  1874.  C  P 
Lehman,  G.  W.,  Ph.D.,  Ill  S.  Gay  St.,  Baltimore,  Md.  (30).     1885.    C  B 
Lesley,  Prof.  J.  Peter,  State  Geologist  of  Pennsylvania,  1008  Clinton  St., 

Philadelphia,  Pa.  (2).     1874.  E 
Lewis,  Prof.  H.  Carvill,  High  St.,  Germantown,Pa.  (26).  1880.  E 
Libbey,  William,  jr.,  Princeton,  N.  J.  (29).     1887.   E  P 
LxLLY,  Gkn.  Wm.,  Mauch  Chunk,  Carbon  Co.,  Pa.  (28).     1882.     (Patron). 

PE 
Lindsley,  J.  Berrien,  M.D.,  135  North  Spruce  St.,  Nashville,  Tenn.  (1). 

1874.  P 
Lintner,  J.  A.,  N.  Y.  State  Entomologist,  Room  27,  Capitol,  Albany,  N.  Y. 

(22).     1874.  P 
Litton,  Abram,  2220  Eugenia  St.,  St.  Louis,  Mo.  (28).     1879.  C 
Lockwood,  Samuel,  Ph.D.,  Freehold,  Monmouth  Co.,  N.  J.  (18).  1875.  P 

B  A 
Loomis,  Prof.  Elias,  New  Haven,  Conn.  (1).     1874.  A  B 
Loughridge,  Prof.  R.  H.,  South  Carolina  College,  Columbia,  S.  C.  (21). 

1874.  E  C 
Love,  Edward  G.,  School  of  Mines,  Columbia  College,   New  York,  N.  Y. 

(24).     1882.  C 
Lovering,  Prof.  Joseph,  Harv.  Univ.,  Cambridge,  Mass.  |(2).  1875.     B  A 
Lupton,  Prof.  N.  T.,  Auburn,  Ala.  (17).     1874.  C 
Lyle,  David  Alexander,  Capt.  of  Ordnance  U.  S.  A.,  Box  2253,  Boston, 

Mass.  (28).     1880.  D 
Lyman,  Prof.  Chester  S.,  88  Trumbull  St.,  New  Haven,  Conn.  (4).    1875.  A 
Lyon,  Di'.  Henry,  34  Monument  Sq.,  Charlestowu,  Mass.  (18).     1874. 

McAdams,  Wm.,  Alton,  111.  (27).     1885.  E  H 

McCauley,  Capt.  C.  A.  H.,  Ass't  Q.  M.,  U.  S.  A.,  321  Michigan  Ave.,  Chi- 
cago, 111.  (29),  1881. 
McGee,  W.  J.,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (27).     1882.  E 
McLeod,  C.  H.,  McGill  Univ.,  Montreal,  Can.  (35).     1887. 
McMurtrie,  William,  Univ.  of  Illinois,  Champaign,  111.    (22).     1874.  C 
McNeill,  Malcolm,  Princeton,  N.  J.  (32).     1885.   A 
McRae,  Hamilton  S.,  Sup't  of  Schools,  Marion,  Ind,  (20),     1874.  H  I 
Mabery,  Prof,  C,  P.,  Case  School  of  Applied  Science,  Cleveland,  Ohio 

(29),     1881,  C 
Macfarlane,  Prof,  A.,  Univ.  of  Texas,  Austin,  Texas  (34).    1886.  B  A 
Mackintosh,  James  B.,  Lehigh  Univ.  So.  Bethlehem,  Pa.  (27).    1883,  C  B 
Macloskie,  Prof.  George,  College  of  New  Jersey,  Princeton,  N.  J.  (25). 
1882.  P 


FELLOWS.  IXXV 

Magie,  Prof.  William  F.,  College  of  New  Jersey,  Princeton,  N.  J.    (35). 

1887. 
Mallery,  Brevet  Lieut.  Col.  Garrick,  U.  S.  Army,  Bureau  of  Ethnology, 

Washington,  D.  C.  (26).     1879.    H 
Mann,  B.  Pickman,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

(22).  1874.  I  P 
Marcy,  Oliver,  LL.D.,  Evanston,  111.  (10).     1874.  E 
Markoe,  Prof.  Geo.  F.  H.,  29  Montrose  St.,  Roxbury,  Mass.  (29).     1881. 
Maksh,  PitoF.  O.  C,  Yale  College,  New  Haven,  Conn.  (15).     1874.    P   H 
Martin,  Prof.  Daniel  S.,  236  West  4th  St.,  New  York,  N.  Y.  (23).     1879. 

E  F 
Martin,  Prof.  H.  Newell,  Johns  Hopkins  University,  Baltimore,  Md.  (27). 

1880.  P  H 
Martin,  Miss  Lillie  J.,  High  School,  Indianapolis,  Ind.  (32).  1886.  P  C 
Martin,  Prof.  Wm.  J.,  Davidson  College, N.  C.  (31).     1884.  C  E 
Mason,  Prof.  Otis  T.,  National  Mus.,  Washington,  D.  C.   (25).     1877.  H 
Mason,  Dr.  William  P.,  Troy,  N.  Y.  (31).  1886.  C  B 
Maxwell,  Rev.  Geo.  M.,  Wyoming,  Hamilton  Co.,  Ohio  (30).  1886.  H  B 
Mayer,  Prof.  A.  M.,  South  Orange,  N.  J.  (19).     1874. 
Meehan,  Thomas,  Germantown,  Pa.  (17).     1875.  P 
Mees,  Prof.  Carl  Leo,  Columbus,  Ohio  (24).     1876.  B  C 
Mendenhall,  Prof.  T.  C,  Rose  Polytechnic  lust.,  Terre  Haute,  Ind.  (20). 

1874.  B 
Merriam,  C.  Hart,  M.D.,  Smith.  Inst.,  Washington,  D.  C  (33).  1835.  P 
Merriman,  C.  C,  Rochester,  N.  Y.  (29).     1880.  P 
MerriU,  Frederick  J.  H.,  Ph.B.,  126  E.  60th  St.,  New  York,  N.  Y.  (,35). 

1887.  E 
Merriman,  Prof.  Mansfield,  Lehigh  University,  Bethlehem,  Pa.  (32).  1885. 

AD 
Metz,  Charles  L.,  M.D.,  Madisonville,  Hamilton  Co.,  Ohio  (30).  1885.     H 
Michelson,  A.  A.,  Master  U.  S.  N.,  7  Rockwell  St.,  Cleveland,  Ohio  (26). 

1879.  B 

Mills,  T.  Wesley,  Montreal,  Can.  (31).  1886.  P  H 

Minot,  Dr.  Charles  Sedgwick,  25  Mt.  Vernon  St.,  Boston,  Mass.    (28). 

1880.  P 

Minot,  Francis,  M.D.,  65  Marlborough  St.,  Boston,  Mass.  (29).     1884. 
Mitchell,  Miss  Maria,  Vassar  College,  Poughkeepsie,  N.  Y.  (4).     1874. 
Mixter,  Prof.  Wm.  G.,  New  Haven,  Conn.  (30).     1882.  C 
Moore,  Prof.  J.  W.,  M.D.,  Lafayette  College,  Easton,   Pa.  (22).     1874.  B 

D  A 
Moore,  Robert,  C.E.,  325  Chestnut  St.,  St.  Louis,  Mo.  (33).     1887.  D  B  I 
Morley,  Prof.  Edward  W.,  749   Republic  St.,  Cleveland,  Ohio  (18).     1876. 

C  B  E 
Morong.  Rev.  Thomas,  Ashland,  Mass.  (35).     1887.  P 
Morris,  Rev.  John  G.,  Baltimore,  Md.  (12).     1874. 
Morse,  Prof.  E.  S.,  Salem,  Mass.  (18).     1874.  P  H 
Morton,  H.,  Stevens  Inst.  Technology,  Hoboken,  N.  J.  (18).    1875.  B  C 


IxXVi  FELLOWS. 

Moses,  Prof.  Thos.  F.,  UrbanaUniv.,  Urbana,  Ohio  (25).     1883.  H  P 

Munroe,  Prof.  C.  E.,  Chemist  to  Bureau  of  Ordnance,  U.  S.  Torpedo  Sta- 
tion, Newport,  R.  I.  (22).     1874.  C 

Murdoch,  John,  Smithsonian  Institution,  Washington,  D.  C.  (29).  1886. 
P  H 

Murdock,  J.  B.,  Lieut.  U.  S.  N.,  24  Alaska  St.,  Roxbury,  Mass.  (28). 
1885.  B 

Murtfeldt,  Miss  Mary  E.,  Kirkwood,  Mo.  (27).     1881.  P 

Nason,  Pi-of.  H.  B.,  Rensselaer  Polytechnic  Institute,  Troy,  N.  Y.  (13). 

1874.  C  E 
Nelson,  Prof.  A.  B.,  Centre  College,  Danville,  Ky.  (30).     1882.    A  B  D 
Nelson,  Prof.  Edward  T.,  Delaware,  Delaware  Co.,  Ohio  (24).    1877.  E  P 
Newberry,  Prof.  J.  S.,  Columbia  College,  New  York,  N.  Y.   (5).       1875. 

E  P  H  I 
Newberry,  Prof.  Spencer  Baird,  Ithaca,  N.  Y.  (33).     1887.  C 
Newcomb,  Prof.  S.,  Navy  Dep't,  Washington,  D.  C.  (13).     1874.  A  B 
Newton,  Hubert  A.,  New  Haven,  Conn.  (6),     1874.  A 
Nichols,  E.L.,  Ph.D.,  Univ.  of  Kansas,  Lawrence,  Kansas  (28).  1881.  B  C 
Niles,  Prof.  W.  H.,  Cambridge,  Mass.  (16).     1874. 
Nipher,  Prof.  F.  E.,  Washington  Univ.,  St.  Louis,  Mo.  (24).    1876.  B 
Norton,  Lewis  M.,  Ph.D.,  Mass.  Institute  of  Technology,  Boston,  Mass. 

(29).     1884.  C 
Noyes,  Prof.  Wm.  A.,  Rose  Polytechnic  Inst.,  Terre  Haute,  Ind.  (32). 

1885.  C 
Nuttall,  Mrs.  Zelia,  care  Peabody  Museum,  Cambridge,  Mass.  (35).    1887. 

H 

Oliver,  Charles  A.,  M.D.,  1507  Locust  St.,  Philadelphia,  Pa.  (33).     1886. 

PHB 
Oliver,  Prof.  James  E.,  P.  0.  Box  1566,  Ithaca,  N.  Y.  (7).     1875.  A  B  I 
Ordway,   Prof.   John  M.,   Tulane  Univ.,  New  Orleans,  La.  (9).     1875.  C 
Orton,  Prof.  Edward,  President  Ohio  Agricultural  and  Mechanical  College, 

Columbus,  Ohio  (19).     1875.  E 
Osborn,  Henry  F.,  S.D.,  Princeton,  N.  J.  (29).     1883. 
Osborn,  Henry  Leslie,  Purdue  Univ.,  LaFayette,  Ind.  (29).     1887. 
Osborn,  Herbert,  Ames,  Iowa  (32).     1884.  P 
Osborne,  J.  W.,  212  Delaware  Ave.  N.  E.,  Washington,  D.  C.  (22).  1874.  D 

C  B 
Owen,  Dr.  Richard,  New  Harmony,  Ind.  (20).     1874.  E 
Owens,  Mrs.  Mary  E.,  270  W.  7th  St.,  Cincinnati,  Ohio  (30).     1885.  C 

Paine,  Cyrus  F.,  242  East  Ave.,  Rochester,  N.  Y.  (12).     1874.  B  A 
Paine,  Nathaniel,  Worcester,  Mass.  (18).     1874.  H 
Palfray,  Hon.  Charles  W.,  Salem,  Mass.  (21).     1874. 
Parke,  John  G.,   Lt,   Col.  Corps  of  Eng'rs,   Bv't   Maj.   Gen.  U.  S.  A., 
Office  of  Chief  of  Engineers,  Washington,  D.  C.  (29).     1881.    D 


FELLOWS.  IxXVii 

Parkhurst,  Henhy  M.,  Law  Stenographer,  25  Chambers  St.,  New  York, 

N.  Y.  (23).     1874.  A 
Paul,  Prof.  Henry  M.,  U.  S.  Naval  Observatory,  Washington,  D.  C.  (33) 

1885.  AB 
Peabody,  Cecil  II.,  Ass't  Prof.  Steam  Eng.,  Mass.  Institute  Technology, 

Boston,  Mass.  (32).    1887.  D 
Peabody,  Seline  II.,  Regent  University  of  Illinois,  Champaign,  111.  (17). 

1885.  DBF 
Peckham,  S.  F.,  159  Olney  St.,  Providence,  R.  I.  (18).     1875.  C  B  E 
Pedrick,  Wm.  R.,  Lawrence,  Mass.  (22).     1875. 
Peet,  Rev.  Stephen  D.,  Mendon,  111.    (24).     1881.  H 
Peirce,  Benj.  O.,  jr.,  Ass't  Prof.,  Harvard  College,  Cambridge,  Mass.  (29). 

188G.  A  B 
Pengra,  Charles  P.,  M.D.,  130  Dartmouth  St.,  Boston,  Mass.  (34).     1887. 

PC 
Perkins,  Prof.  George  H.,  Burlington,  Vt.  (17).     1882.  H  P  E 
Peter,  Dr.  Robert,  Kentucky  Geol.  Survey,  Lexington,  Ky.  (29).     1881.  C 
Pettee,  Prof.  William  H.,  Ann  Arbor,  Mich.  (24).     1875.   E      • 
Philbrick,  Edw.  S.,  Brookliue,  Mass.  (^29).     1886.   D 
Phillips,  A.  W.,  New  Haven,  Conn.  (24).     1879. 

Phillips,  Henry,  jr.,  320  So.  11th  St.,  Philadelphia,  Pa.  (32).     1887.  H  I 
Phippen,  Geo.  D.,  Salem,  Mass.  (18).     1874.   P 
Pickering,  Prof.  E.  C,  Director  of  Observatory,  Cambridge,  Mass.    (18). 

1875.  A  B 
Pickering,   William  H.,  Harvard   Observatory,   Cambridge,  Mass.  (29). 

1883.  BA 
Pilling,  James  C,  Box  591,  Washington,  D.  C.  (28).      1882.  PHI 
Pillsbury,  Prof.  John  H.,  Smith  College,  Northampton,  Mass.  (23).     1885. 

PH 
Piatt,  Franklin,  Ass't  Geologist,  2nd  Geol.  Survey  of  Pa.,  615  Walnut  St., 

Philadelphia,  Pa.  (27).     1882.  E 
Pohlman,  Dr.  Julius,  Buffiilo,  N.  Y.  (32).     1884.  E  P 
Porter,  Thos.  C,  LL.D.,  Lafayette  College,  Easton,  Pa.  (33).     1887.   P 
Powell,  Major  J.  W.,  U.  S.  Geologist,  910  M  St.  N.  W.,  Washington,  D.  C. 

(23).    1875.   E  H 
Power,  Prof.  Frederick  B.,  Univ.  of  Wis.,  Madison,  Wis.  (31).     1887.  O 
Prentiss,  Prof.  A.  N.,  Cornell  Univ.,  Ithaca,  N.  Y.  (35).     1887.  P 
Prentiss,  D.  Webster,  M.D.,  1101  14th  St.,  N.  W.,  Washington,  D.  C.  (29). 

1882. P 
Prescott,  Prof.  Albert  B.,  Ann  Arbor,  Mich.  (23).     1875.  C 
Pritchett,  Henry  S.,   Director  Observatory  Washington  University,  St. 

^  Louis,  Mo.  (29).     1881.  A 
Procter,  John  R.,  Dlr.  Kentucky  Geol.  Surv.,  Frankfort,  Ky.  (26).     1881. 
Pulsifer,  Wm.  H.,  St.  Louis,  Mo.  (26).     1879.  A  H 
Punipelly,  Prof.  Raphael,  U.  S.  Geological  Survey,  Newport,  R.  I.  (17). 

1875.    E  I 


IxXViii  FELLOWS. 

Putnam,  Prof.  F.  W.,  Curator  Peabody  Museum  American  Archgeology  and 
Ethnology,  Cambridge,  Mass.  (Address  as  Permanent  Secretary 
A.  A.  A.  S.,  Salem,  Mass.)  (10).     1874.   H 

Pynchon,  Eev.  T.  R.,  Pres.  Trinity  Coll.,  Hartford,  Conn.  (23).  1875. 

Quincy,  Edmund,  88  Clinton  St.,  Boston,  Mass.  (11).     1874. 

Rauch,  Dr.  John  H.,  Chicago,  111.  (11).     1875. 

Raymond,  Rossiter  W.,  17  Burling  Slip,  New  York,  N.  Y.  (15).  1875.  E  I 

Redfield,  J.  H.,  216  W.  Logan  Square,  Philadelphia,  Pa.  (1).     1874.    F 

Reed,  E.  Baynes,  London,  Ontario,  Can.   (27).     1882. 

Kees,  Prof.  John  K.,  Columbia  College,  New  York,  N.  Y.  (26).      1878.  A 

£B 
Remsen,  Prof.  Ira,  Johns  Hopkins  Univ.,  Baltimore,  Md.  (22).     1876.  C 
Rice,  John  M.,  U.  S.  Naval  Academy,  Annapolis,  Md.    (25).     1881.  A  D 
Rice,  Prof.  Wm.  North,  Wesleyan  University,  Middletown,  Conn.  (18). 

1874.  E  P 
Richards,   Prof.    Charles  B.,   313    York   St.,  New  Haven,    Conn.    (33). 

1885.  D 
Richards,  Edgar,  Office  of  Internal  Revenue,  Treasury  Dept.,  "Washington, 

D.  C.  (31).     1886.  C 
Richards,  Prof.  Robert  H.,  Mass.  Inst.  Tech.,  Boston,  Mass.  (22).  1875.  D 
Richards,  Mrs.  Robert  H.,  Prof.  Mass.  Inst,  of  Tech.,  Boston,  Mass.  (23). 

1878.  C 
Richardson,  Clifford,  Dep't  of  Agric,  "Washington,  D.  C.  (30).     1884.  C 
Ricketts,   Prof.  Palmer  C,   Rensselaer  Polytechnic   Inst.,  Troy,   N.  Y. 

(33).     1887.  D  A 
Ricketts,  Pierre  de  Peyster,  Ph.D.,  School  of  Mines,  Columbia  College, 

New  York,  N.  Y.    (26).     1880.  C  D  E 
Riley,  Prof.  C.  V.,  U.  S.  Entomologist,  1700  13th  St.  N.  W.,  Washington, 

D.  C.  (17).     1874.  PHI 
Ritchie,  E.  S.,  87  Franklin  St.,  Boston,  Mass.  (10).     1877.  B 
Roberts,  Prof.  Isaac  P.,  Ithaca,  N.  Y.  (33).    1886.  I 

Robinson,  Prof.  S.  W.,  Univ.  of  Ohio,  Columbus,  Ohio  (30).  1883.  DBA 
Rockwell,  Gen.  Alfred  P.,  Manchester,   Mass.  (10).     1882.  E 
Rockwell,  Clias.  H.,  Box  293,  Tarry  town,  N.  Y.  (28).     1883.  A  D 
Rockwood,  Prof.  Charles  G.,  jr.,  College  of  New  Jersey,  Princeton,  N.  J. 

(20).     1874.  A  E  B  D 
Rogers,  Fairman,  202  "West  Rittenhouse  Square,  Philadelphia,  Pa.  (11). 

1874. 
Rogers,  Prof.  W.  A.,  Colby  Univ.,  "Waterville,  Me.  (15).    1875.  A  B  D 
Rominger,  Dr.  Carl,  Ann  Arbor,  Mich.  (21).     1879.  E 
Rood,  Prof.  0.  N.,  Columbia  College,  New  York,  N.  Y.  (14).     1875.  B* 
Rosenspitz,  Dr.  Alexander,  Rabbi  (26).'    1883.  P  E  H 
Ross,  "Waldo  0.,  189  Devonshire  St.,  Boston,  Mass.  (29).     1882. 
Rowland,  Prof.  Henry  A.,  Baltimore,  Md.  (29).     1880. 
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Runkle,  Prof.  J.  D.,  Mass.  Institute  of  Technology,  Boston,  Mass.    (2). 

1875.  AD 
Russell,  I.  C,  U.  S.  Geological  Survey,  Washington,  D.  C.  (25).     1882. 
Rutherford,  Lewis  M.,  175  Second  Ave.,  New  York,  N.  Y.  (13).     1875. 

Sadtler,  Prof.  Sam'l  P.,  Univ.  of  Pa.,  Philadelphia,  Pa.  (22).     1875.  C 
Safford,  Dr.  James  M.,  Nashville,  Tenn.  (6).     1875.   EOF 
Salmon,  Daniel  E.,  Dep't  of  Agric,  Washington,  D.  C.   (31).     1885.  P 
Sampson,  Commander  W.  T.,  U.  S.  N.,  Naval  Acad.,  Annapolis,  Md.  (25). 

1881.  B  A 
Sanborn,  Jeremiah  Wilson,  Agric.  Coll.,  Columbia,  Mo.  (31).  188G. 
Sanborn,  Rev.  John  W.,  Lockport,  N.  Y.  (83).     1886.  H 
Saunders,  William,  London,  Ontario,  Canada  (17).     1874.  P 
Schaeberle,  J.  M.,  Ann  Arbor,  Mich.  (34).     188(). 

Schanck,  Prof.  J.  Stillwell,  Princeton,  New  Jersey  (4).     1882.  C  B  H 
Schott,  Charles  A.,  U.  S.  Coast  and  Geodetic  Survey  Office,  Washington, 

D.  C.  (8).     1874.  A 
Schweitzer,  Prof.  Paul,  State  University  of  Missouri,  Columbia,  Mo.  (24). 

1877.  C  B 
Scott,  Prof.  Wm.  B.,  Princeton,  N.  J.  (33).     1887.  P  E 
Scovell,  M.  A.,  Director  Ky.  Agric.  Experiment  Station,  Lexington,  Ky. 

(85).     1887. 
SCUDDKR,  Samuel  H.,  Cambridge,  Mass.  (13).     1874.  P 
Seaman,  W.  H.,  Microscopist,  1424  11th  St.  N.  W.,  Washington,  D.  C. 

(23).     1874.   C  P 
Sedgwick,  Prof.  Wm.  T.,  Mass.  Inst,  of  Technology,  Boston,  Mass.  (83). 

1886.  P 
See,  Horace,  1230  Spruce  St.,  Philadelphia,  Pa.  (34).    1886.  D 
Seller,  Carl,  M.D.,  1346  Spruce  St.,  Philadelphia,  Pa.  (29).     1882.     P   B 
Sewall,  Prof.  Henry,  Univ.  of  Mich.,  Ann  Arbor,  Mich.   (34).     1885.  P 
Sharpies,  Stephen  P.,  13  Broad  St.,  Boston,  Mass.  (29).     1884.    C 
Sheafer,  P.  W.,  Pottsville,  Pa.  (4).     1879.  E 

Sias,  Solomon,  M.D.,  Schoharie,  Schoharie  Co.,  N.  Y.  (10).     1874. 
Sigsbee,   Chas.  D.,  Comd'r  U.  S.  N.,  U.  S.  Naval  Acad.,  Annapolis,  Md. 

(28).     1882.  D  £ 
Sill,  Hon.  Elisha  N.,  Cuyahoga  Falls,  Ohio  (6).     1874. 
Silliman,  Prof.  Justus  M.,  Lafayette  Coll.,  Easton,  Pa.  (19).  1874.  D  E 
Skinner,  Joseph  J.,  Mass.  Inst.  Technology,  Boston,  Mass.  (23).    1880.  B 
Smiley,  Charles  W.,  U.   S.  Fish  Commission,  Washington,  D.  C.   (28). 

1883.   I 
Smith,  Prof.  Chas.  J.,  85  Adalbert  St.,  Cleveland,  Ohio  (32).     1885.  A  B 
Smith,  Edwin,  Ass't  U.  S.  Coast  and  Geodetic  Survey,  Washington,  D.  C. 

(30).     1882.  A  B 
Smith,  Prof.  Erastus  G.,  Bcloit  College,  Beloit,  Wis.  (34).     1887.  C 
Smith,  Prof.  Eugene  A.,  University  of  Alabama,  Tuscaloosa,  Ala.  (20). 

1877.  E  C 
Smith,  Prof.  Francis   H.,  University  of  Virginia,   Charlottesville,   Va. 

(26).  1880.  B  A 
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Smith,  John  B.,  National  Museum,  Washington,  D.  C.  (32).     1884.  F 
Smith,  Quintius  C,  M.D.,  No.  704  Congress  Ave.,  Austin,  Texas  (26), 

1881.  P 

Smith,  Prof.  S.  I.,  Yale  College,  New  Haven,  Conn.     (18).     1875.     F 
Smith,  Dr.  Theobald,  Bureau  of  Animal  Industry,  U.  S.  Dep't  of  Agric, 

Washington,  D.  C.  (35).     1887.  P 
Smock,  Prof.  John  Conover,  New  York  State  Museum,  Albany,  N.  Y.  (23). 

1879.    E 
Snow,  Prof.  F.  H.,  Lawrence,  Kan.  (29).     1881.  P  E 
Snyder,  Prof.  Monroe  B.,  High  School  Observatory,  Philadelphia,  Pa.  (24). 

1882.  AB 

Soule,  K.  H.,  21  Cortlandt  St.,  New  York,  N.  Y.  (33).     1886.  D 

Spalding,  Volney  M.,  Ann  Arbor,  Mich.   (34).     188G.  P. 

Spencer,  Prof.  J.  William,  University  of  Missouri,  Columbia,   Mo.  (28). 

1882.  E 
Springer,  Dr.  Alfred,  Box  621,  Cincinnati,  Ohio  (24).     1880.  C 
Stearns,  E.  E.  C,  care  Smithsonian  Institution,  Washington,  D.  C.  (18). 

1874.  P 
Steiner,  Dr.  Lewis  H.,  Enoch  Pratt  Free  Library,  Baltimore,  Md.  (7). 

1874.   I 
Stephens,  W.  Hudson,  Lowville,  N.  Y.   (18).     1874.    E  H 
Sternberg,  George  M.,  Surgeon  U.  S.  A.,  Johns  Hopkins  Univ.,  Baltimore, 

Md.  (24).     1880.  P 
Stevens,  W.  LeConte,  170  Joralemon  St.,  Brooklyn,  N.  Y.  (29).     1882.   B 

AC 
Stevenson,  James,  Ass't  Ethnologist,  Washington,  D.  0.  (29).  1885.  H 
Stockwell,  John  N.,  1008  Case  Avenue,  Cleveland,  Ohio  (18).     1875.  A 
Stone,  George  H.,  Colorado  Springs,  Col.  (29).     1882.  E  P 
Stone,  Mrs.  Leander,  3417  Indiana  Avenue,  Chicago,  111.  (22).  1874.  P  E 
Stone,  Ormond,  Director  Leander  McCormick  Observatory,  University  of 

Virginia,  Va.  (24).     1876.  A 
Storrs,  Henry  E.,  Jacksonville,  111.  (20).     1874.  CE 
Story,  Wm.  E.,  Johns  Hopkins  Univ.,  Baltimore,  Md.  (29).     1881.  A 
Stowell,  Prof.  T.  B.,  Cortland,  Cortland  Co.,  N.  Y.  (28).     1885.  P 
Stringham,  Prof.  Irving,  Univ.  of  Cal.,  Berkeley,  Cal.  (33).     1885.  A 
Stuart,  Prof.  A.  P.  sl,  Lincoln,  Nebraska  (21).     1874.  C 
Sturtevant,  E.  Lewis,  M.D.,  Geneva,  N.  Y.  (29).     1882.  P 
Swift,  Lewis,  Ph.D.,  Eochester,  N.  Y.  (29).     1882.  A 

Tainter,  Sumner,  2020  F  St.  N.  W.,  Washington,  D.  C.  (29).  1881.  B  D  A 
Taylor,  Thos.,  M.D.,  Dep't  of  Agric,  Washington,  D.  C.  (29).  1885.  P  C 
Taylor,  William  B.,   Smithsonian  Institution,  Washington,   D.  C.  (29). 

1881.  B  A 
Terry,  Prof.  N.  M.,  U.  S.  Naval  Academy,  Annapolis,  Md.  (23).     1874.  B 
Thomas,  Benj.  F.,  Ph.D.,  State  Univ.,  Columbus,  Ohio  (29).     1882.  B  A 
Thomson,  Wrn.,  M.D.,  1426  Walnut  St.,  Philadelphia,  Pa.  (33).     1885.  B 
Thurston,  Prof.  E.  H.,  Sibley  College,  Cornell  University,  Ithaca,  N.  Y. 

(23).  1875.  D 
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Todd,  Prof.  David  P.,  Director  Lawrence  Observatory,  Amherst  College, 

Amiierst,  Mass.  (27).     1881.  A  B  D 
Todd,  Prof.  James  E.,  Tabor,  Freiuout  Co.,  Iowa  (22).     1886.  E  P 
Towiusliemi,  Prof.  N.  S.,  Ohio  State  Univ.,  Columbus,  Ohio  (17).  1881. PH 
Tracy,  Sam'l  M.,  Columbia,  Boone  Co.,  Mo.  (27).     1881.  P 
Trembley,   J.  B.,  M.D.,   952  8th  St.,    Oakland,  Alan>eda  Co.,    Cal.  (17). 

1880.   BP 
Trowbridge,  Prof.  W.  P.,  School  of  Mines,  Columbia  College,  New  York, 

N.  Y.  (10).     1874.  D 
True,  Fred  W.,  U.  S.  National  Museum,  Washington,  D.  C.  (28),     1882.  P 
Trumbull,  Dr.  J.  Hammond,  Hartford,  Conn.  (29).     1882.  H 
Tuttle,  Prof.  Albert  H.,  State  University,  Columbus,  Ohio  (17).     1874.  P 

Uhler,  Philip  K.,  218  W.  Hoffman  St.,  Baltimore,  Md.  (19).     1874.  P  E 
Underwood,  Prof.  Lucien  M.,  cor.  Comstock  Ave.  and  Marshall  St.,  Syra- 
cuse, N.  Y.  (33).     1885.  P 
Upham,  Warren,  21  Newbury  St.,  Somerville,  Mass.  (25).     1880.  E 
Upton,  Winslow,  Brown  Univ.,  Providence,  R.  I.  (29).     1883.  A 

Van  der  Weyde,  P.  H.,  M.D.,  236  Duffleld  St.,  Brooklyn,  N.  Y.  (17). 

1874.     B 
Van  Dyck,  Prof.  Francis  Cuyler,  New  Brunswick,  N.  J.  (28).     1882.  B  C  P 
Van  Vleck,  Prof.  John  M.,  Middletown,  Conn.  (23).    1875.  A 
Vaughn,  Dr.  Victor  C,  Ann  Arbor,  Mich.  (34).     1887.  C 
Very,  Samuel  W.,  Lieut.  Comdr.  U.  S.  N.,  U.  S.  S.  Santee,  Naval  Acad., 

Annapolis,  Md.  (28).    1886.  AB 
Vogdes,  A.  W.,  1st  Lt.  5th  Art'y  U.  S.  A.,  The  Military  Service  lust., 

Governor's  Island,  N.  Y.  (32).  1885.  E  P 

Wachsmuth,  Charles,  111  Marietta  St.,  Burlington,  Iowa  (30).  1884.  E  P 
Wadsworth,  M.  Edward,  Ph.D.,  Houghton,  Mich.  (23).     1874.    E 
Walcott,  Charles  D.,  U.  S.  Geological  Survey,  Washington,  D.  C.  (25). 

1882.  E  P 
Wallace,  Wm.,  Ansonia,  Conn.  (28).     1882. 
Wallku,  E.,  School  of  Mines,  Columbia  College,  New  York,  N.  Y.  (23). 

1874. 
Walling,  H.  F.,  98  Trowbridge  St.,  Cambridge,  Mass.  (16).  1874.   E  D  A  B 
Walmsley,  W.  H.,  1016  Chestnut  St.,  Philadelphia,  Pa.  (28).     1883.  P 
Ward,  Prof.  Henry  A.,  Rochester,  N.  Y.  (13).     1875.   P  E  H 
Ward,  Lester  F.,   U.   S.   Geological  Survey,  Washington,  D.  C.     (26). 

1879.  E  P 
Ward,  Dr;  R.  H.,  53  Fourth  St.,  Troy,  N.  Y.  (17).     1874.  P  B 
Warder,  Prof.  Robert  B.,  Howard  Univ.,  Washington,  D.  C.  (19).  1881. 

CB 
Waknek,  James  D.,  199  Baltic  St.,  Brooklyn,  N.  Y.  (18).     1874.  A  B 
Warren,  Cyrus  M.,  Brookline,  Mass.  (29).     1882.  C 
Warren,  Dr.  Joseph  W.,  107  Boylston  St.,  Boston,  Mass.  (31).     1886,    P 
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Warren,  Prof.  S.  Edward,  Newton,  Mass.  (17).   1875.  A-I 
Watson,  Sereno,  Botanic  Gardens,  Cambridge,  Mass.  (22).     1875.   P 
Watson,  Prof.  Wm.,  107  Marlborough  St.,  Boston,  Mass.  (12).  1884.    A 
Wead,  Prof.  Charles  K.,  Malone,  N.  Y.    (23).     1880.  B 
Webb,  Prof.  J.  Burkitt,  Stevens  Inst.,  Hoboken,N.  J.  (31).     1883.  DBA 
Webster,  Prof.  N.  B.,  Park  Ave.,  Norfolk,  Va.  (7).     1874.  B  C  E 
Wells,  Daniel  H.,  Hartford,  Conn.  (18\     1875.  A  I 
Wendell,  Oliver  C,  Observatory,  Cambridge,  Mass.  (29).     1886. 
Westcott,  O.  S.,  Maywood,  Cook  Co.,  111.  (21).     1874.  H  P  A 
Weston,  Edward,  645  High  St.,  Newark,  N.  J.  (33).     1887.  BCD 
Wheatland,  Dr.  Henry,  President  Essex  Inst.,  Salem,  Mass.  (1).     1874. 
Wheeler,  Prof.  C.  Gilbert,  81  Clark  St.,  Chicago,  111.  (18).     1883.  C  E 
Wheeler,  Orlando  B.,  343  N.  18th  St.,  Philadelphia,  Pa.  (24).     1882.  AD 
Wheildon,  W.  W.,  Box  229,  Concord,  Mass.  (13).     1874.  B  E 
Whitaker,  Channing,  Box  524,  Lowell,  Mass.    (29).     1886. 
White,  Prof.  C.  A.,  Le  Droit  Park,  Washington,  D.  C.  (17).     1875.  E  P 
Wliite,  Prof.  H.  C,  Univ.  of  Georgia,  Athens,  Ga.  (29).     1885.  C 
White,  Prof.  I.  C,  Univ.  of  W.  Va.,  Morgantown,  W.  Va.  (25).     1882.  E 
Whiteaves,  J.  F.,  Geological  Survey,  Ottawa,  Can.  (31).     1887.  E  P 
Whitfield,  R.  P.,  American  Museum  Natural  History,  77th  St.  &  8th  Ave- 
nue, New  York,  N.  Y.  (18).     1874.    E  P  H 
Whiting,  Miss  Sarah  F.,  Wellesley  College,  Wellesley,  Mass.  (31).     1883. 

BA 
Whitman,  Prof.  Frank  P.,  Adelbert  College,  Cleveland,  Ohio  (33).     1885. 
Wilber,  G.  M.,  Pine  Plains,  N.  Y.  (19).     1874.  P  H 
Wilbur,  A.  B.,  Middletown,  N.  Y.  (23).     1874. 

Wilder,  Prof.  Burt  G.,  Cornell  University,  Ithaca,  N.  Y.  (22).     1875.  P 
Wiley,  Prof.  Harvey  W.,  Dep't  of  Agric,  Washington,  D.C.  (21).  1874.  C 
Williams,  Benezette,  171  La  Salle  St.,  Chicago,  111.  (33).     1887.  D 
Williams,  Charles  H.,  M.D.,  7  Otis  Place,  Boston,  Mass.  (22).    1874. 
Williams,  Geo.  Huntington,  Johns  Hopkins  Univ.,  Baltimore,  Md.  (33). 

1886.  E 
Williams,  Henry  Shaler,  Cornell  Univ.,  Ithaca,  N.  Y.  (18).     1882.  E  P 
Williams,  Prof.  Henry  W.,  15  Arlington  St.,  Boston,  Mass.  (11).     1874.  H 

P 
Williams,  Prof.  S.  G.,  Cornell  Univ.,  Ithaca,  N.  Y.  (33).     1885.  E 
Wilson,    Prof.    Daniel,    President    University    College,    117   Bloor  St., 

Toronto,  Canada  (25).     1876.  H  E 
Willson,  Prof.  Frederick  N.,  Princeton,  N.  J.  (33).     1887.  A  D 
Wilson,  H.   C,  U.   S.  Naval   Observatory,   Washington,   D.   C.     (30). 

1885.  A 
Wilson,  Joseph  M.,  435  Chestnut  St.,  Philadelphia,  Pa.  (33).  1886.   D 
Winchell,  Prof.  Alex.,  Ann  Arbor,  Mich.  (3).     1875.   E 
Winchell,  Prof.  N.  H.,  Univ.  of  Minnesota,  Minneapolis,  Minn.  (19).  1874. 

E  H 
Winlock,  Wm.  C,  U.  S.  N.  Observ.,  Washington,  D.  C.  (33).  1885.  A  B 
Woerd,  Chas.  V.,  Am.  Watch  Co.,  Walthara,  Mass.  (29).     1881.  D  A 
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Wood,  Prof.  De  Volson,  Hoboken,  N.  J.  (29).     1881. 
Woodbury,  C.  J.  H.,  31  Milk  St.,  Boston,  Mass.  (29).     1884.  D 
Woodward,  Prof.  Calvin  M.,   1761  Missouri  Ave.,  St.  Louis,  Mo.  (32). 

1884.  DAI 

Woodward,  11.  S.,  care  of  U.  S.  Gaol.  Survey,  Washington,  D.  C.  (33). 

1885.  A  B  D 

Wormley,  T.  G.,  Univ.  of  Pennsylvania,  Pliiladelphia,  Pa.  (20).    1878. 
Worthen,  A.  H.,  Springfield,  111.  (5).     1874.  E 
Wrampelmeier,  Tlieo.  J.,  San  Diego,  Cal.  (34).     1887.  C 
Wright,  Prof.  Albert  A.,  Oberlin  CoUege,  Oberlln,  Ohio  (24).    1880.  E  F 
Wright,  Prof.  Arthur  W.,  Yale  Coll.,  New  Haven,  Conn.  (14).     1874.  A  B 
Wright,  Rev.  Geo.  F.,  Oberlin  College,  Oberlln,  Ohio  (29).     1882.   E 
Wiirtele,  Rev.  Louis  C,  Acton  Vale,  Province  of  Quebec,   Can.   (11). 
1875.   E 

Young,  A.  V.  E.,  Northwestern  Univ.,  Evanston,  111.   (33).     1886.  C  B 
Young,   C.   A.,  Prof,  of  Astronomy,  College  of  New  Jersey,  Princeton, 
N.  J.    (18).     1874.  A  B  D 

Zentmayer,  Joseph,  147  S.  Fourth  St.,  Philadelphia,  Pa.  (29).     1882.  P 

[667  Fellows.] 

SoMHART.— Patrons,  3;  Mehbkrs,  1285;  Honorary  Fellow,  1;  Fellows,  667. 

March  8,  1888.   Total  number  of  Meubers  of  the  Association  1956. 


DECEASED  MEMBERS. 


[The  names  of  those  only  who  nre  members  of  the  Association  at  the  time  of  their  de- 
cease are  included  in  this  Jist.  Information  of  the  date  of  birth  and  death,  to  fill  blanks 
in  this  list,  is  requested  by  the  Permanent  Secretary.] 

Abbe,  George  W.,  New  York,  N.  Y.  (23).    Died  Sept.  25,  1879. 

Abert,  J.  J.,  Washington,  D.  C.  (1).     Born  in  1785.    Died  January  27, 

1863. 
Adams,  C.  B.,  Amherst,  Mass.  (1).    Born  January  11,  1814.    Died  Jan'y 

19,  1853. 
Adams,  Edwin  F.,  Charlestown,  Mass.  (18). 
Adams,  Samuel,  Jacksonville,  111.  (18).     Born  Dec.  19,  1806.     Died  April 

29,  1877. 
Agassiz,  Louis,  Cambridge,  Mass.    (1).    Born  May  28,  1807.     Died  Dec. 

14,  1873. 
Ainsworth,  J.  G.,  Barry,  Mass.     (14). 
Alexander,  Stephen,  Princeton,  N.  J.  (1).    Born  Sept.  1,  1806.  Died  June 

26,  1883. 
Allen,  Thomas,  St.  Louis,  Mo.  (27).     Died  April  8,  1882. 
Allen,  Zachariah,  Providence,  R.  I.  (1).     Died  March  17,  1882. 
Allston,  R.  F.  W.,  Georgetown,  S.  C.  (3).     Born  April  21,  1801.     Died 

April  7,  1864. 
Alvord,  Benjamin,  Washington,  D.  C.  (17).    Died  Oct.  16,   1884,  at    the 

age  of  71. 
Ames,  M.  P.,  Springfield,  Mass.  (1).     Born  in  1803.     Died  April  23,  1847. 
Andrews,  Ebenezer  B.,  Lancaster,  Ohio  (7).    Died  Aug.  21,  1880,  aged  59. 
Anthony,  Charles  H.,  Albany,  N.  Y.  (6).     Died  in  1874. 
Appleton,  Nathan,  Boston,  Mass.  (1).     Born  Oct.  6,  1779.     Died  July  14, 

1861. 
Armstrong,  John  W.,  Fredonia,  N.  Y.  (24). 

Ashburner,  Wm.,  San  Francisco,  Cal.  (29).     Died  April  20,  1887. 
Atwater,  Mrs.  S.  T.,  Chicago,  111.  (17).     Born  Aug.  8,  1812.    Died  April  11, 

1878. 
Aufreclit,  Louis,  Cincinnati,  Ohio  (30). 

Bache,  Alexander  D.,  Washington,  D.  C.  (1).    Born  July  19,  1806.    Died 

Feb.  17,  1867. 
Bache,  Franklin,  Philadelphia,  Pa.  (1).     Born  Oct.  25,  1792.    Died  March 

19,  1864. 
Bailey,  Jacob  W.,  West  Point,  N.  Y.  (1).     Born  April  29,  1811.     Died 

Feb.  26,  1857. 
Baird,  Spencer  FuUerton,  Washington,  D.  C.  (1).    Died  Aug.  19,  1887. 

(Ixxxlv) 
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Bardwell,  F.  W,,  Lawrence,  Kan.  (13).     Died  In  1878. 

Barnard,  John  G.,  New  York,  N.  Y.  (U).     Died  May  14,  1882. 

Barrett,  Moses,  Milwaukee,  Wis.  (21).     Died  in  1873. 

Barrj',  Redmond,  Melbourne,  Australia  (25). 

Bassett,  Daniel  A.,  Los  Angeles,  Cal.  (29),    Born  Dec.  8,  1819.     Died 

May  26,  1887. 
Bassnett,   Thomas,  Jacksonville,  Fla.  (8).    Died  Feb.  16,  1886,  aged  79 

years. 
Bayne,  Herbert  A.,  Kingston,  Ont.,  Can.  (29).     Died  Aug.  1886. 
Beach,  J.  Watson,  Hartford,  Conn.  (23).    Born  Dec.  28, 1823.     Died  Mar. 

16,  1887. 
Beck,  C.  F.,  Philadelphia,  Pa.  (1). 
Beck,  Lewis  C,  New  Brunswick,  N.  J.  (1).      Born  Oct.  4,  1798.    Died 

April  21,  1853. 
Beck,  T.  Roraeyn,  Albany,  N.  Y.  (1).    Born  Aug.  11, 1791.    Died  Nov.  19, 

1855. 
Beckwith,  Henry  C,  Coleman's  Station,  N.  Y.  (29).     Died  July  12,  1885. 
Belfrage,  G.  W.,  Clifton,  Texas  (29).     Died  Dec.  7,  1882. 
Belt,  Thomas,  London,  Eng.  (27).     Died  Sept.  8,  1878. 
Benedict,  George  W.,  Burlington,  Vt.  (16).    Born  Jan.  11,  1796.    Died  in 

1871. 
Bicknell,  Edwin,  Boston,  Mass.  (18).     Born  in  1830.     Died  March  19, 1877. 
Binney,  Amos,  Boston,  Mass.  (1).     Born  Oct.  18,  1803.     Died  Feb.  1, 

1847. 
Binney,  John,  Boston,  Mass.  (3). 
Blackie,  Geo.  S.,  Nashville,  Tenn.  (26). 

Blair,  Henry  W.,  Washington,  D.  C.  (26).     Died  Dec.  15,  1884. 
Blake,  Eli  Whitney,  New  Haven,  Conn.  (1).     Born  Jan.  27,  1795.     Died 

Aug.   18,   1886. 
Blake,  Homer  C,  New  York,  N.  Y.  (28).     Born  Feb.  1,  1822. 

Blanding,  William, ,  R.  L  (1). 

Blatchford,  Thomas  W.,  Troy,  N.  Y.  (6). 

Blatchley,  Miss  S.  L.,  New  Haven,  Conn.  (19).     Died  March  13,  1873. 
Boadle,  John,  Haddonfleld,  N.  J.  (20).    Born  in  1805.     Died  in  July,  1878. 
Bomford,  George,  Washington,  D.  C.  (1).    Born  1780.    Died  March  25, 

1848. 
Bowles,  Miss  Margaretta,  Columbia,  Tenn.  (26).    Died  July,  1887. 
Bowron,  James,  South  Pittsburg,  Tenn.  (26).     Died  in  Dec,  1877. 
Bradley,  Leverette,  Jersey  City,  N.  J.  (15).     Died  in  1875. 
Braithwaite,  Jos.,  Chambly,  C.  W.  (11). 

Brlggs,  Albert  D.,  Springfield,  Mass.  (13).     Died  Feb.  20,  1881. 
Briggs,  Robert,  Philadelphia,  Pa.  (29).    Born  May  18,  1822.    Died  July 

24,  1882. 
Brigham,  Charles  H.,  Ann  Arbor,  Mich.  (17).    Born  July  27,  1820.    Died 

in  Jan.,  1879. 
Brown,  Andrew,  Natchez,  Miss.  (1). 
BrowD,  Horace,  Salem,  Mass.  (27).     Died  In  July,  1883. 
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Bull,  John,  Washington,  D.  C.  (31).    Born  Aug.  1,  1819.    Died  June  9, 

1884. 
Burbank,  L.  S.,  Woburn,  Mass.     (18). 

Burke,  Joseph  Chester,  Middletown,  Conn.  (29).    Died  in  1885. 
Burnap,  G.  W.,  Baltimore,  Md.  (12).    Born  Nov.  30,  1802.    Died  Sept. 

8,  1859. 
Burnett,  Waldo  I.,  Boston,  Mass.  (1).    Died  July  1,  1854,  aged  27. 
Butler,  Thomas  B.,  Norwalk,  Conn.  (10).    Born  Aug.  22,  1806.    Died 

June  8,  1873. 

Cairns,  F.  A.,  New  York,  N.  Y.  (27).    Died  in  1879. 

Campbell,  Mrs.  Mary  H.,  Crawfordsville,  Ind.  (22).    Died  Feb.  27,  1882. 

Carpenter,  Thornton,  Caraden,  S.  C.  (7). 

Carpenter,  William  M.,  New  Orleans,  La.  (1). 

Case,  Leonard,  Cleveland,  Ohio  (15).     Born  June  27,  1820.    Died  Jan.  5, 

1880. 
Case,  William,  Cleveland,  Ohio  (6). 
Caswell,  Alexis,  Providence,  R.  I.  (2).    Born  Jan.  29, 1799.    Died  Jan.  8, 

1877. 
Chadbourne,  Paul  Ansel,  Amherst,  Mass.  (10).   Born  Oct.  21,  1823.    Died 

Feb.  23,  1883. 
Chapman,  N.,  Philadelphia,  Pa.  (1).  Born  May  28, 1780.     Died  July  1,  1853. 
Chase,  Pliny  E.,  Haverford  College,  Pa.  (18). 

Chase,  Stephen,  Hanover,  N.  H.  (2).   Born  in  1813.   Died  Aug.  5,  1851. 
Chauvenet,  William,  St.  Louis,  Mo.  (1).    Born  May  24,  1819.    Died  Dec. 

13,  1870. 
Cheesman,  Louis  M.,  Hartford,  Conn.  (32).  Died  in  Jan.  1885,  aged  27  yrs. 
Cheney,  Miss  Margaret  S.,  Jamaica  Plain,  Mass.  (29).     Died  in  1882. 
Clapp,  Asahel,  New  Albany,  Ind.  (1).    Born  Oct.  5,  1792.    Died  Dec.  15, 

1862. 
Clark,  Henry  James,  Cambridge,  Mass.  (13).    Died  July  1,  1873,  aged  47. 
Clark,  Joseph,  Cincinnati,  Ohio  (5). 
Clark,  Patrick,  Rah  way,  N.  J.  (33).     Died  March  5,  1887. 
Clarke,  A.  B.,  Holyoke,  Mass.  (13). 
Cleaveland,  C.  H.,  Cincinnati,  Ohio  (9). 
Cleveland,  A.  B.,  Cambridge,  Mass.  (2). 

Coffin,  James  H.,  Easton,  Pa.  (1).    Born  Sept.  6,  1806.  Died  Feb.  6,  1873. 
Cole,  Frederick,  Montreal,  Can.  (31).     Died  in  1887. 
Cole,  Thomas,  Salem,  Mass.  (1).    Born  Dec.  24,  1779.    Died  June  24,  1852. 
Coleman,  Henry,  Boston,  Mass.  (1). 
Collins,  Frederick,  Washington,  D.  C.  (28).    Born  Dec.  5,  1842.    Died 

Oct.  27,  1881. 
Conrad,  Timothy  Abbott,  Philadelphia,  Pa.  (1).     Born  in  August,  1808. 

Died  August  9,  1877. 
Cooke,  Caleb,  Salem,  Mass.  (18).     Born  Feb.  15,  1838.  Died  .Tune  5, 1880. 
Cooper,  William,  Hoboken,  N.  J.  (9).     Died  in  1864. 
Copes,  Joseph  S.,  New  Orleans,  La.    (11).     Born  Dec.  9,  1811.      Died 

March  1,  1885. 
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Coruing,  Erastus,  Albany,  N.  Y.  (6).    Born  Dec.  14.  1794.    Died  April  9, 

1872 
Costin,  M.  P.,  Fordham,  N.  Y.  (30).     Died  June  8,  1884. 
Couper,  James  Hamilton,  Darien,  Ga.  (1).   Born  March  5, 1794.  Died  July 

3,  1866. 
Cramp,  J.  M.,  WolfVllle,  N.  S.  (U).     Born  July  25,  1796.      Died  Dec.  6, 

1881. 
Crehore,  John  D.,  Cleveland,  Ohio  (24). 

Crocker,  Cliarles  F.,  Lawrence,  Mass.  (22).     Died  in  July,  1881. 
Croclier,  Miss  Lucretia,  Boston,  Mass.  (29).     Died  in  1886. 
Crosby,  Alpheus,  Salem,  Mass.  (10).    Born  Oct.  13,  1810.    Died  April  17, 

1874. 
Crosby,  Thomas  R.,  Hanover,  N.  H.  (18).      Born  Oct.  22,  1816.      Died 

March  1,  1872. 
Croswell,  Edwin,  Albany,  N.  Y.  (6).    Born  in  May,  1797.    Died  June  13, 

1871. 
Crow,  Wayman,  St.  Louis,  Mo.  (27).      Born  March  7,  1808.      Died  May 

10,  1885. 
Curry,  W.  F.,  Geneva,  N.  Y.  (11). 
Curtis,  Josiah,  Washington,  D.  C.  (18).    Died  Aug.  1,  1883. 

Dalrymple,  E.  A.,  Baltimore,  Md.  (11).     Died  Oct.  30,  1881. 

Davenport,  H.  W.,  Washington,  D.  C.  (30). 

Dayton,  Edwin  A.,  Madrid,  N.  Y.  (7).     Born  in  1827.  Died  June  24,  1873. 

Dean,  Amos,  Albany,  N.  Y.  (6).     Born  Jan.  16,  1803.     Died  Jan.  26,  1868. 

Dearborn,  George  H.  A.  S.,  Roxbury,  Mass.  (I). 

Dekay,  James  E.,  New  York,  N.  Y.  (1).  Born  in  1792.  Died  Nov.  21,  1851. 

Delano,  Joseph  C,  New  Bedford,  Mass.  (5).     Born  Jan.  9,  1796.    Died 

Oct.  Ifi,  1886. 
DeLaski,  John,  Carver's  Harbor,  Me.  (18). 
Devereux,  J.  H.,  Cleveland,  Ohio  (18).     Died  March  17, 1886. 
Dewey,  Chester,  Rochester,  N.  Y.  (1).  Born  Oct.  25,  1781.    Died  Dec.  16, 

1867. 
Dexter,  G.  M.,  Boston,  Mass.  (11). 
Dillingham,  W.  A.  P.,  Augusta,  Me.  (17). 

Diramick,  L.  N.,  Santa  Barbara,  Cal.  (29).     Died  May  31,  1884. 
Dixwell,  Geo.  B.,  Boston,  Mass.  (29).     Died  April,  1885. 
Doggett,  Mrs.  Kate  N.,  Cliicago,  III.  (17).     Died  March  12,  1884. 
Doggett,  Wra.  E.,  Chicago,  111.  (17).     Born  Nov.  20,  1820.     Died  in  1876. 
Doolittle,  L.,  Lenoxville,  C.  E.  (11).     Died  in  1862. 
Dorr,  E.  P.,  Buffalo,  N.  Y.  (15).     Died  March  28,  1881. 
Draper,  Henry,  New  York,  N.  Y.  (28).    Died  Nov.  20,  1882. 
Ducatel,  J.  T.,  Baltimore,  Md.  (1). 
Duffleld,  George,  Detroit,  Mich.  (10).    Born  July  4,  1794,    Died  June  26, 

1869. 
Dumont,  A.  H.,  Newport,  R.  I.  (14). 

Duncan,  Lucius  C,  New  Orleans,  La.  (10).     Died  Aug.  9,  1855,  aged  64. 
Dunn,  R.  P.,  Providence,  R.  I.  (14). 
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Eads,  James  Buchanan,  New  York,  N.  Y.  (27).    Born  May  23,  1820.   Died 

March  8,  1887. 
Easton,  Norman,  Fall  River,  Mass.  (14).    Died  Dec.  21,  1872. 
Eaton,  James  H.,  Beloit,  Wis.  (17).     Died  Jan.  5,  1877. 
Elsberg,  Louis,  New  York,  N.  Y.  (23).     Died  Feb.  19,  1885,  aged  48  years. 
Elwyn,  Alfred  L.,  Philadelphia,  Pa.  (1).     Died  March  15,  1884. 
Ely,  Charles  Arthur,  Elyria,  Ohio  (4). 
Emerson,  Geo.  B.,  Boston,  Mass.  (1).  Born  Sept.  12,  1797.     Died  March 

4,  1881. 
Emmons,  Ebenezer,  Williamstown,  Mass.  (1).    Born  May  16,  1799.    Died 

October  1,  18R3. 
Engelmann,  George,  St.  Louis,  Mo.  (1).     Bora  Feb.  2,  1809.    Died  Feb. 

4,  1884. 
Engsti'om,  A.  B.,  Burlington,  N.  J.  (1). 
Eustis,  Henry  L.,  Cambridge,  Mass.  (2).    Born  Feb.  1,  1819.     Died  Jan. 

11,  1885. 
Everett,  Edward,  Boston,  Mass.  (2).    Born  April  11, 1794.    Died  Jan.  15, 

1865. 
Ewing,  Thomas,  Lancaster,  Ohio  (6).    Born  Dee.  28,  1789.    Died  Oct.  26, 

1871. 

Faries,  R.  J.,  Wauwatosa,  Wis.  (21).    Died  May  31,  1878. 

Farquharson,  Robert  James,  Des  Moines,  Iowa   (24).     Born  July  15,  1824. 

Died  Sept.  6,  1884. 
Ferris,  Isaac,  New  York,  N.  Y.  (6).    Born  Oct.  9,  1798.    Died  June  16, 

1873. 
Feuchtwanger,  Lewis,  New  York,  N.  Y.  (11).     Died  June  25,  1876. 
Fillmore,  Millard,  Buffalo,  N.  Y.  (7).    Born  Jan.  7,  1800.    Died  March  8, 

1874. 
Fisher,  Mark,  Trenton,  N.  J.  (10). 
Fitch,  Alexander,  Hartford,  Conn.  (1).    Born  March  25, 1799.    Died  Jan. 

20,  1859. 
Fitch,  O.  H.,  Ashtabula,  Ohio  (7).    Died  Sept.  17,  1882,  in  his  80th  year. 
Forbush,  E.  B.,  Buffalo,  N.  Y.  (15). 
Force,  Peter,  Washington,  D.  C.  (4).    Born  Nov.  26,  1790.    Died  Jan.  23, 

1868. 
Ford,  A.  C,  Nashville,  Tenn.  (26). 

Forshey,  Caleb  G.,  New  Orleans,  La.  (21).    Died  in  Aug.,  1881. 
Foster,  John  W.,  Chicago,  111.  (1).    Born  March  4,  1815.    Died  June  29, 

1873. 
Foucon,  Felix,  Madison,  Wis.  (18). 
Fowle,  Wm.  B.,  Boston,  Mass.  (1).    Born  Oct.  17,  1795.     Died  Feb.  6, 

1865. 
Fox,  Charles,  Grosse  He,  Mich.  (7). 

Frazer,  John  F.,  Phila.,  Pa.  (1).     Born  July  8,  1812.    Died  Oct.  12,  1872. 
Freeman,  Spencer  Hedden,  Cleveland,   Ohio  (29).    Born  Oct.  3,   1855. 

Died  Feb.  2, 1886. 
French,  J.  W.,  West  Point,  N.  Y.  (11). 
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Garber,  A.  P.,  Columbia,  Pa.  (29).    Died  Aug.  26,  1881. 

Gavit,  John  E.,  New  York,  N.  Y.  (1). 

Gay,  Martin,  Boston,  Mass.  (1).    Died  Jan.  12,  1850,  aged  46. 

Gibbon,  J.  H.,  Charlotte,  N.  C.  (3). 

Gillespie,  W.  M.,  Schenectady,  N.  Y.  (10).     Born  in  1816.      Died  Jan.  1, 

18G8. 
Gilmor,  Robert,  Baltimore,  Md.  (1). 

Glazier,  W.  W.,  Key  West,  Fla.  (29).  Died  Dec.  11,  1880. 
Goldmark,  J.,  New  York,  N.  Y.  (29).  Died  in  April,  1882. 
Gould,  Augustus  A.,  Boston,  Mass.  (11).     Born  April  23,  1805.     Died 

Sept.  16,  1866. 
Gould,  B.  A.,  Boston,  Mass.  (2).   Born  June  15,  1787.    Died  Oct.  24,  1859. 
Graham,  James  D.,  Washington,  D.  C.  (1).     Born  in  1799.   Died  Dec.  28, 

1865. 
Gray,  Alonzo,  Brooklyn,  N.  Y.  (13).   Born  Feb.  21,  1808.    Died  March  10, 

1860. 
Gray,  Asa,  Cambridge,  Mass.  (1).     Born  Nov.  18,  1810.      Died  Jan.  30, 

1888. 
Gray,  James  H.,  Springfield,  Mass.  (6). 

Greene,  Benjamin  1).,  Boston,  Mass.  (1).     Died  Oct.  14,  1862,  aged  68. 
Greene,  Everett  W.,  Madison,  N.  J.  (10).     Died  in  1864. 
Greene,  Samuel,  Woonsocket,  R.  I.  (9).     Died  in  1868. 
Greer,  James,  Dayton,  Ohio  (20).     Died  in  Feb.,  1874. 
Griffith,  Robert  E.,  Philadelphia,  Pa.  (1). 

Griswold,  John  A.,  Troy,  N.  Y.  (19).     Born  in  1822.    Died  Oct.  31,  1872. 
Guest,  William  E.,  Ogdensburg,  N,  Y.  (6). 
Guyot,  Arnold,  Princeton,  N.  J.  (1).  Born  Sept.  5,  1809.  Died  Feb.  8, 1884. 

Habel,  Louis,  Northfield,  Vt.  (34). 

Hackley,  Charles  W.,  New  York,  N.  Y.  (4).    Born  March  9,  1809.    Died 

January  10,  1861. 
Hadley,  George,  Bufialo,  N.  Y.  (6).     Born  June,  1813.   Died  Oct.  16,  1877. 
Haldeman,  S.  S.,  Chickies,  Pa.  (1).     Died  Sept.  10,   1880,  aged  68. 
Hale,  Enoch,  Boston,  Mass.  (1).     Born  Jan.  29,  1790.   Died  Nov.  12,  1848. 
Hance,  Ebenezer,  Fallsington  P.  O.,  Pa.  (7).     Died  in  1876. 
Harding,  Myron  H.,  Lawrenceburg,  Ind.  (30.)     Died  Sept.,  1885. 
Hare,  Robert,  Philadelphia,  Pa.  (1).     Born  Jan.  17,  1781.     Died  May  15, 

1858, 
Harlan,  Joseph  G.,  Haverford,  Pa.  (8). 
Harlan,  Richard,  Philadelphia,  Pa.  (1). 
Harris,  Thaddeus  W.,  Cambridge,  Mass.  (1).     Born  Nov.  12,  1795.    Died 

Jan.  16,  1856. 
Harrison,  A.  M.,  Plymouth,  Mass.  (29). 

Harrison,  B.  F.,  Wallingford,  Conn.  (11).     Died  April  23,  1886. 
Harrison,  Jos.,  jr.,  Philadelphia,  Pa.  (12). 
Hart,  Simeon,  Farmington,  Conn.  (1).    Born  Nov.  17,  1795.     Died  April 

20,  1853. 
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Hartt,  Charles  F.,  Ithaca,  N.  Y.  (18).  Born  In  1840.  Died  March  18,  1878. 
Haven,  Joseph,  Chicago,  111,  (17).  Born  Jan.  4,  1816.  Died  May  23,  1874. 
Hawes,  George  W.,  Washington,  D.  C.  (23).     Born  Dec.  31,  1848.     Died 

June  22,  1882. 
Hayden,  Ferdinand  Vandeveer,  Philadelphia,  Pa.  (29).      Born  Sept.   7, 

1829.     Died  Dec.  22,  1887. 
Hayden,  Horace  H.,  Baltimore,  Md.  (1).     Born  Oct.  13,  1768. 
Hayes,  George  E.,  Buffalo,  N.  Y.  (15). 

Hayward,  James,  Boston,  Mass.  (1).     Died  July  27,  1866,  aged  80. 
Hazen,  William  B,,  Washington,  D.  C.  (30).    Born  Sept.  27,  1830.     Died 

Jan.  16,  1887. 
Hedrick,  Benjamin  Sherwood,  Washington,    D.  C.   (19).     Died  Sept.  2, 

1886,  aged  60. 
Hempstead,  G.  S.  B.,  Portsmouth,  Ohio  (29),     Died  July  9,  1883,  in  his 

89th  year. 
Henry,  Joseph,  Washington,  D.  C.  (1).  Born  Dec.  17,  1797.  Died  May  13, 

1878. 
Hickox,  S.  V.  K,,  Chicago,  111.  (17).    Died  in  1872. 
Hicks,  William  C,  New  York,  N.  Y.  (34).     Died  in  1885. 
Hilgard,  Theo.  C,  St.  Louis,  Mo.  (17).     Born  Feb.  28,  1828.   DiedMch.  5, 

1875. 
Hill,  Walter  N.,  Chester,  Pa.  (29).    Born  April  15,  1846.    Died  March  29, 

1884. 
Hincks,  William,  Toronto,  C.  W.  (11). 
Hitchcock,  Edward,  Amherst,  Mass.  (1).    Born  May  24, 1793.    Died  Feb. 

27,  1864. 
Hoadley,  John  Chipman,  Boston,  Mass.  (29).     Born  Dec.  10,  1818.     Died 

Oct.  21,  1886. 
Hodgson,  W.  B.,  Savannah,  Ga.  (10).     Born  1815. 
Holbrook,  John  E,,  Charleston,  S.  C.  (1).     Born  Dec.  31,  1796.     Died 

Sept.  8,  1871. 
Holman,  Mrs.  S.  W.,  Boston,  Mass.    (29).     Died  May  5,  1885. 
Hopkins,  Albert,  Williamstown,  Mass.  (19).     Born  July  14,  1807.    Died 

May  25,  1872, 
Hopkins,  James  G,,  Ogdensburg,  N.  Y.  (10).     Died  in  1860. 
Hopkins,  T.  0.,  Williamsville,  N.  Y.  (10).     Died  in  1866. 
Hopkins,  Wm.,  Lima,  N.  Y.  (5).     Died  in  March,  1867. 
Hoppock,  A.  E.,  Hastings-on-Hudson,  N.  Y.  (29). 
Horton,  C.  V.  R.,  Chaumont,  N.  Y.  (10).    Died  in  1862. 
Horton,  William,  Craigville,  N.  Y.  (1). 
Hosford,  Benj.  F.,  Haverhill,  Mass.  (13).     Died  in  1864. 
Hough,  Franklin  B.,  Lowville,  N,  Y,  (4).    Born  1822.    Died  June  11, 1885. 
Houghton,   Douglas,    Detroit,   Mich.    (1).    Born   Sept.   21,   1809.     Died 

Oct.  13,  1845. 
Hovey,  Edmund  O.,  Crawfordsville,  Ind.  (20).    Born  July  15,  1801.    Died 

March  10,  1877. 
Howland,  Theodore,  Buffalo,  N.  Y.  (15). 


DECEASED    MEMBERS.  XCl 

Hubbert,  James,  Richmond,  Province  of  Quebec  (16).    Died  in  1868. 
Hunt,  Edward  B.,  Washington,  D.  C.  (2).     Born  June  15,  1822.    Died 

Oct.  2,  1863. 
Hunt,   Freeman,  New  York,  N.  Y.  (11).    Bom  March  21,   1804.    Died 

March  2,  1858. 

Ives,  Moses  B.,  Providence,  R.  I.  (9).    Died  in  1857. 
Ives,  Thomas  P.,  Providence,  R.  I.  (10). 

Jaclison,   Charles  T.,   Boston,  Mass.    (1).     Bom  June  21,  1805.    Died 

Aug.  29,  1880. 
James,  Thomas  Potts,  Cambridge,  Mass.  (22).    Bora  Sept.  1, 1803.     Died 

Feb.  22,  1882. 
Johnson,  "Walter  R.,  Washington,  D.  C.  (1).     Born  June  21,  1794.     Died 

April  26,  1852. 
Johnson,  William   Schuyler,  Washington,  D.  C.   (31).      Born  Sept.  20, 

1859.     Died  Oct.  6,  1883. 
Jones,  Catesby  A.  R.,  Washington,  D.  C.  (8). 
Jones,  Henry  A.,  Portland,  Me.  (29).     Died  Sept.  3,  1883. 
Jones,  James  H.,  Boston,  Mass.  (28). 

Kedzie,  W.  K.,  Oberlin,  Ohio  (25). 

Keely,  George  W.,  Waterville,  Me.  (1).     Died  in  1878. 

Keep,  N.  C,  Boston,  Mass.  (13).     Died  in  March,  1875. 

Kennicott,  Robert,  West  Northfleld,  111.  (12).    Born  Nov.  13,  1835.    Died 

in  1866. 
Kerr,   Washington  Caruthers,  Raleigh,  N.  C.    (10).     Born  May  24,  1827. 

Died  Aug.  9,  1885. 
Kidder,  Henry  Purkitt,  Boston,  Mass.    (29).    Born  Jan.  8,  1823.    Died 

Jan.  28,  1886. 
King,  Mitchell,  Charleston,  S.  C.  (3).     Born  June  8,  1783.     Died  in  1862. 
Kirkpatrick,  James  A.,  Philadelphia,  Pa.  (7).     Died  June  3,  1886. 
Kite,  Thomas,  Cincinnati,  Ohio  (5).     Died  Feb.  6,  1884. 
Klippart,  John  H.,  Columbus,  Ohio  (17).     Died  October,  1878. 
Knickerbocker,  Charles,  Chicago,  111.  (17).     Died  in  1873. 
Knight,  J.  B.,  Philadelphia,  Pa.  (21).    Died  March  10,  1879. 

Lacklan,  R,,  Cincinnati,  Ohio  (11). 

Lapham,  Increase  A.,  Milwaukee,  Wis.  (8).    Born  March  7,  1811.    Died 

Sept.  14,  1876. 
Larkin,  Ethan  Pendleton,  Alfred  Centre,  N.  Y.  (33).    Born  Sept.  20,  1829. 

Died  Aug.  23,  1887. 
LaRoche,  R.,  Philadelphia,  Pa.  (12). 
Lasel,  Edward,  Williamstown,  Mass.  (1).   Bom  Jan.  21,  1809.     Died  Jan. 

31,  1852. 
Lawford,  Frederick,  Montreal,  Canada  (11).    Died  in  1866. 
Lawrence,  Edward,  Charlestovvn,   Mass.    (18).    Born  June,  1810.     Died 

Oct.  17,  1886. 


XCll  DECEASED   MEMBERS. 

Lea,  Isaac,  Phila.,  Pa.     (1).     Born  March  4,  1792.     Died  Dec.  8,  1886. 
Le  Conte,  John  Lawrence,  Philadelphia,  Pa.    (1).     Born  May   13,    1825. 

Died  Nov.  16,  1883. 
Lederer,  Baron  von,  Washington,  D.  C.  (1). 
Libbey,  Joseph.  Georgetown,  D.  C.  (31).     Died  July  20,  1886. 
Lieber,  Oscar  M.,  Columbia,  S.  C.  (8).     Born  Sept.  8,  1830.    Died  June 

27,  1862. 
Lincklaen,  Ledyard,  Cazenovia,  N,  Y.  (1).     Died  April  25,  1864. 
Linsley,  James  H.,  Stafford,  Conn.  (1).     Born  May  5,  1787.  Died  Dec.  26, 

1843. 
Lockwood,  Moses  B.,  Providence,  R.  I.  (9).     Died  in  1872. 
Logan,  William  E.,  Montreal,  Canada  (1).    Born  April  23,  1798.     Died 

June  22,  1875. 
Loiseau,  Emile  F.,  Brussels,  Belgium  (33).    Died  April  30,  1886. 
Loosey,  Charles  F.,  New  York,  N.  Y.    (12). 
Lothrop,  Joshua  R.,  Buffalo,  N.  Y.  (15). 
Lowrie,  J,  R.,  Warriorsmark,  Pa.  (29),     Died  Dec.  10,  1885. 
Lull,  Edward  P.,  Washington,  D.  C.   (28).     Born  Feb.  20,  1836.     Died 

March  5,  1887. 
Lyon,  Sidney  S.,  Jeffersonville,  Ind.  (20).    Born  Aug.  4,  1808.  Died  June 

24,  1872. 

M'Conihe,  Isaac,  Troy,  N.  Y.  (5). 

McCutchen,  A.  R.,  Atlanta,  Ga.  (25).     Died  Nov.  21,  1887. 

McFadden,  Thomas,  Westerville,  Ohio  (30),    Born  Nov.  9,  1825.    Died 

Nov.  9,  1883. 
McLachlan,  J.  S.,  Montreal,  Can.  (31). 
McMahon,  Mathew,  Albany,  N.  Y.  (11). 
Maack,  G,  A.,  Cambridge,  Mass.  (18).     Died  in  Aug.,  1873. 
Macfarlane,  James,  Towanda,  Pa.  (29).     Died  in  1885. 
Mahan,  Dennis  H.,  West  Point,  N.  Y.  (9),    Born  April  2,  1802,     Died  Sept. 

16,  1871, 
Marler,  George  L.,  Montreal,  Can.  (31), 
Marsh,  Dexter,  Greenfield,  Mass.  (1). 
Marsh,  James  E.,  Roxbmy,  Mass.  (10). 
Martin,  B.  N.,  New  York,  N.  Y.  (23).     Died  Dec.  26,  1883. 
Mather,  William  W.,  Columbus,  Ohio  (1).     Born  May  24,  1804.  DiedFeb. 

27,  1859. 
Maude,  John  B.,  St.  Louis,  Mo.  (27).     Died  in  April,  1879. 
Maupin,  S.,  Charlottesville,  Va.  (10). 
Meade,  George  G.,  Philadelphia,  Pa.  (15).     Born  Dec.   30,    1815.     Died 

Nov.  6,  1872. 
Meek,  F.  B.,  Washington,   D.  C.  (6).    Born  December  10,  1817.    Died 

December  21,  1876. 
Meigs,  James  Aitken,  Philadelphia,  Pa.  (12).    Born  July  30,  1829.     Died 

Nov.  9,  1879. 
Minifle,  William,  Baltimore,  Md.  (12).     Born  in  1805.  Died  Oct.  24,  1880. 


DECEASED    MEMBERS.  XClll 

Mitchel,  O.  M.,  Cincinnati,  Ohio  (3).    Born  Aug.  28,  1810.    Died  Oct.  30, 

1862. 
Mitchell,  William,  Poughkeepsle,  N.  Y.  (2).    Died  April  2,  1869,  aged  76. 
Mitchell,  Wm.  H.,  Florence,  Ala.  (17). 
Morgan,  Lewis  H.,  Rochester,  N.  Y.  (10).     Born  Nov.  21,  1818.    Died 

Dec.  17,  1881. 
Morgan,  Mrs.  Mary  E.,  Rochester,  N.  Y.  (31).    Died  in  1884. 
Morris,  John  B.,  Nashville,  Tenn.  (26). 
Morton,  Samuel  G.,  Philadelphia,  Pa.  (1).    Born  Jan.  2G,   1799.     Died 

May  15,  1851. 
Monroe,  Nathan,  Bradford,  Mass.  (6).    Born  May  16,  1804.     Died  July  8, 

1866. 
Monroe,  William,  Concord,  Mass.  (18).     Died  April  27,  1877. 
Mudge,  Benjamin  F.,  Manhattan,  Kansas  (25).     Born  Aug.  11, 1817.  Died 

Nov.  21,  1879,  aged  62. 
Muir,  William,  Montreal,  Can.  (31).     Died  July,  1885. 
Mussey,  William  H.,  Cincinnati,  Ohio  (80).     Born  Sept.  13,  1818.     Died 

Aug.  1, 1882. 

Newland,  John,  Saratoga  Springs,  N.  Y.  (28).     Died  Jan.  18,  1880. 

Newton,  E.  H.,  Cambridge,  N.  Y.  (1). 

Nichols,  Charles  A.,  Providence,  R.  I.  (17).     Born  Jan.  4,  1826.    Died 

Oct.  20,  1877. 
Nichols,  William  Ripley,  Boston,  Mass.  (18).  Died  July  14,  1886,  aged  39. 
Nicholson,  Thomas,  New  Orleans,  La.  (21). 
Nicollett,  Jean  N.,  Washington,  D.  C.  (1).    Born  July  24,  1786.    Died 

Sept.  11,  1843. 
Norton,  John  P.,  New  Haven,  Conn.  (1).     Born  July  19,  1822.     Died  Sept. 

5,  1852. 
Norton,  AVilllam  A.,  New  Haven,  Conn.  (6).     Born  Oct.  25,  1810.    Died 

Sept.  21,  1883. 
Noyes,  J.  O.,  New  Orleans,  La.  (21). 
Nutt,  Cyrus,  Bloomlngton,  Ind.  (20).    Died  in  1875. 

Oakes,  Wra.,  Ipswich,  Mass.  (1).     Born  July  1,  1799.     Died  July  31,  1848. 
Ogden,  Robert  W.,  New  Orleans,  La.  (21).     Died  March  24,  1878. 
Ogden,  William  B.,  High  Bridge,  Westchester  Co.,  N.  Y.  (17).     Born  in 

1805.     Died  Aug.  3,  1877. 
Oliver,  Miss  Mary  E.,  Ithaca,  N.  Y.    (20). 
Olmsted,   Alexander  F.,   New   Haven,  Conn.    (4).    Born  Dec.  20,  1822. 

Died  May  5,  1853. 
Olmsted,  Denison,  New  Haven,  Conn.  (1).    Born  June  18,  1791.     Died 

May  13,  1859. 
Olmsted,  Denison,  jr.,  New  Haven,  Conn.  (1).    Born  Feb.  16,  1824.    Died 

Aug.  15,  1846. 
Orton,  James,  Poughkeepsle,  N.  Y.  (18).    Died  Sept.  24,  1877. 
Osbun,  Isaac  J.,  Salem,  Mass.  (29). 
Otis,  George  Alexander,  Washington,  D.  C.  (10).      Born  Nov.  12,  1830. 

Died  Feb.  23,  1881. 


XCIV  DECEASED   MEMBERS. 

Packer,  Harry  E.,  Mauch  Chunk,  Pa.  (30).    Died  Feb.  1,  1884. 

Painter,  Jacob,  Lima,  Pa.  (23).     Died  in  1876. 

Painter,  Minshall,  Lima,  Pa.  (7). 

Parker,  Wilbur  F.,  "West  Meriden,  Conn.  (23).     Died  in  1876. 

Parkman,  Samuel,  Boston,  Mass.  (1).     Died  Dec.  15,  1854,  aged  38. 

Parsons,  Henry  B.,  New  York,  N.  Y.  (30).     Born  in  1855.     Died  Aug.  21, 

1885. 
Payn,  Cliarles  H.,  Saratoga  Springs,  N.  Y.  (28).    Born  May   16,  1814. 

Died  Dec.  20,  1881. 
Peirce,  B.  O.,  Beverly,  Mass.  (18).    Died  Nov.  12,  1883,  aged  71  years. 
Peirce,  Benjamin,  Cambridge,  Mass.  (1).     Born  April  4,  1809.     Died  Oct. 

6,  1880. 
Perch,  Bernard,  Frankford,  Pa.  (35).     Died  in  1887,  aged  37  years. 
Perkins,  George  K.,  Utica,  N.  Y.  (1).     Born  May  3,  1812.    Died  Aug.  22, 

1876. 
Perkins,  Henry  C,  Newburyport,  Mass.  (18).    Born  Nov.  13,  1804.     Died 

Feb.  2,  1873. 
Perry,  John  B.,  Cambridge,  Mass.  (16).    Died  Oct.  3,  1872,  aged  52. 
Perry,  M.  C,  New  York,  N.  Y.  (10). 
Phelps,  Mrs.  Almira  Hart  Lincoln,  Baltimore,  Md.  (13).     Died  July  15, 

1884,  in  her  91st  year. 
Phillips,  John  C,  Boston,  Mass.  (29).    Died  March  1,  1885,  aged  46  yrs. 

9  mos. 
Piggot,  A.  Snowden,  Baltimore,  Md.  (10). 
Pim,  Bedford  Clapperton  Trevelyan,  London,  Eng.  (33).    Died  Oct.,  1886, 

aged  60  years. 
Piatt,  W.  G.,  Philadelphia,  Pa.  (32).    Died  Nov.,  1885. 
Plumb,  Ovid,  Salisbury,  Conn.  (9). 
Pope,  Charles  A.,  St.  Louis,  Mo.  (12).    Born  May  15,  1818.    Died  July  6, 

1870. 
Porter,  John  A.,  New  Haven,  Conn.  (14).      Born  March  15,  1822.      Died 

Aug.  25,  1866. 
Potter,  Stephen  H.,  Hamilton,  Ohio  (30).     Born  Nov.  10,  1812.      Died 

Dec.  9,  1883. 
Pourtalfes,  Louis  Francois  de,  Cambridge,  Mass.  (1).    Born  in  1822.  Died 

July  18,  1880. 
Pruyn,  John  V.  L.,  Albany,  N.  Y.  (1).   Born  June  22,  1811.  Died  Nov.  21, 

1877. 
Pugh,  Evan,  Centre  Co.,  Pa.  (14). 

Pulsifer,  Sidney,  Philadelphia,  Pa.  (21).     Died  March  24,  1884. 
Putnam,  Mrs.  F.  W.,  Cambridge,  Mass.  (19).    Born  Dec.  29,  1838.    Died 

March  10,  1879. 
Putnam,  J.  Duncan,  Davenport,  Iowa  (27).     Born  Oct.  18,  1855.     Died 

Dec.  10,  1881. 

Read,  Ezra,  Terre  Haute,  Ind.  (20).    Died  in  1877. 

Redfield,  William  C,  New  York,  N.  Y.  (1).    Born  March  26,  1789.    Died 

Feb.  12,  1857. 
Resor,  Jacob,  Cincinnati,  Ohio  (8).    Died  In  1871. 


DECEASED   MEMBERS.  ZCY 

Robb,  James,  Fredericton,  N.  B.  (4). 

Robinson,  Coleman  T.,  Buffalo,  N.  Y.  (15). 

Rochester,  Thomas  F.,  Buffalo,  N.  Y.  (35).     Died  May  23,  1887. 

Rockwell,  John  A.,  Norwich,  Conn.  (10).      Born  August  27,  1803.     Died 

February  10,  1861. 
Roeder,  F.  A.,  Clr;cinnati,  Ohio  (30). 

Rogers,  Henry  D.,  Glasgow,  Scotland  (1).  Born  1809.  Died  May  29,  1866. 
Rogers,  James  B.,  Philadelphia,  Pa.  (1).     Born  February  22,  1803.     Died 

June  15,  1852. 
Rogers,  Robert  E.,  Philadelphia,  Pa.  (18).     Died  Sept.  7,  1884. 
Rogers,  William  Barton,  Boston,  Mass.  (1).      Born  Dec.  7,  1804.     Died 

May  30,  1882. 
Root,  Elihu,  Amherst,  Mass.  (25).     Born  Sept.  14,  1845. 

Sager,  Abram,  Ann  Arbor,  Mich.  (6).      Born  December  22,  1810.      Died 

August  6,  1877. 
Sanders,  Benjamin  D.,  Wellsburg,  W.  Va.  (19). 
Schaeffer,  Geo.  C,  Washington,  D.  C.  (1).     Died  in  1873. 
Schley,  William,  New  York,  N.  Y.  (28).     Died  in  1882. 
Scott,  Joseph,  Dunham,  C.  E.  (11).     Died  in  1865. 
Seaman,  Ezra  C,  Ann  Arbor,  Mich.  (20).    Born  Oct.  14,  1805.    Died  July 

17,  1879. 
Senter,  Harvey  S.,  Aledo,  111.  (20).     Died  in  1875. 
Seward,  William  H.,  Auburn,  N.  Y.  (1).    Born  May  16,  1801.    Died  Oct. 

10,  1872. 
Sheppard,   William,   Drummondville,   Province  of   Quebec,   Can.    (11). 

Born  in  1783.     Died  in  1867. 
Sherwin,  Thomas,  Dedham,  Mass.  (11).    Born  March  26,    1799.      Died 

July  23,  1869. 
Silliman,  Benjamin,  New  Haven,  Conn.  (1).    Born  August  8,  1779.    Died 

November  22,  1864. 
Silliman,  Benjamin,  New  Haven,  Conn.  (1).    Born  Dec.  4,  1816.     Died 

Jan.  14,  1885. 
Skinner,  John  B.,  Buffalo,  N.  Y.  (15).    Died  in  1871. 
Slack,  J.  H.,  Philadelphia,  Pa.  (12). 
Smith,  Charles  A.,  St.  Louis,  Mo.  (27).     Died  in  1884. 
Smith,  David  P.,  Springfield,  Mass.  (29).    Born  Oct.  1,  1830.     Died  Dec. 

26,  1880. 
Smith,  Mrs.  Ermlnnie  A.,  Jersey  City,   N.  J.  (25).     Died  June  9,   1886, 

aged  48. 
Smith,  J.  Lawrence,  Louisville,  Ky.  (1).    Born  Dec.  16,  1818.    Died  Oct. 

12, 1883. 
Smith,  J.  v.,  Cincinnati,  Ohio  (5). 
Smith,  James  Y.,  Providence,  R.  I.  (9).    Born  September  15, 1809.    Died 

In  1876. 
Smith,  Lyndon  A.,  Newark,  N.  J.  (9).    Born  November  11,  1795.      Died 

December  15,  1865. 


XCVl  DECEASED    MEMBERS. 

Snell,  Ebenezer  S.,  Amherst,  Mass.  (2).    Born  October  7,  1801.    Died  in 

September,  1877. 
Sparks,  Jared,  Cambridge,  Mass.  (2).     Born  May  10,  1819.    Died  March 

14,  1866. 
Spinzig,  Charles,  St.  Louis,  Mo.  (27).     Died  Jan.  22,  1882. 
Stearns,  Josiah  A.,  Boston,  Mass.  (29). 

Steele,  Joel  Dorman,  Elmira,  N.  Y.  (33).   Died  May  25,  1886. 
Stimpson,  William,  Chicago,  III.  (12).     Died  May  26,  1872. 
Stone,  Samuel,  Chicago,  111.  (17).     Born  Dec.  6,  1798.     Died  May  4,  1876. 
St.  John,  Joseph  S.,  Albany,  N.  Y.  (28).     Died  Nov.  23,  1882. 
Straight,  H.  H.,  Chicago,  111.  (25).     Died  Nov.  17,  1886. 
Sullivan,  Algernon  Sidney,  New  Yorli,  N.  Y.  (36).     Died  Dec.  4,  1887. 
Sullivant,  William   S.,  Columbus,   Ohio  (7).     Born  Jan  15,    1803.     Died 

April  30,  1873. 
Sutton,  George,  Aurora,  Ind.  (20.)     Died  June  13,  1886. 
Swain,  James,  Fort  Dodge,  Iowa  (21).    Born  in  1816.     Died  in  1877. 

Tallmadge,  James,  New  York,  N.  Y.  (1).    Born  Jan.  20, 1778.    Died  Oct. 

3,  1853. 
Taylor,  Arthur  F.,    Cleveland,    Ohio  (29).     Born  Dec.    10,  1853.     Died 

June  28,  1883. 
Taylor,  Richard  C,  Philadelphia,  Pa.  (1).     Born  January  18,  1789.     Died 

November  26,  1851. 
Tenney,  Sanborn,  Williamstown,  Mass.  (17).  Born  in  January,  1827.  Died 

July  11,  1877. 
Teschemacher,  J.  E.,  Boston,  Mass.  (1).     Died  Nov.  9,  1853,  aged  63. 
Thompson,  A.  Remsen,  New  York,  N.  Y.  (1).     Died  in  Oct.,  1879. 
Thompson,  Alexander,  Aurora,  N.  Y.  (1). 

Thompson,    Charles  O.,  Terre  Haute,  Ind.  (29).     Died  in  1885. 
Thompson,  Zadock,  Burlington,  Vt.  (1).     Born  May  23,  1796.     Died  Jan. 

19,  1856. 
Thomson,  Henry  R.,  Crawfordsvllle,  Ind.  (30).     Died  in  1884. 
Thurber,  Isaac,  Providence,  R.I.  (9). 

Tillman,  Samuel  D.,  Jersey  City,  N.  J.  (15).     Died  in  1875. 
Tobin,  Thomas  W.,  Louisville,  Ky.  (30).     Died  Aug.  4,  1883. 
Todd,  Albert,  St.  Louis,   Mo.  (27).      Born  March   4,  1813.     Died  April 

30,  1885. 
Tolderoy,  James  B.,  Frederlcton,  N.  B.  (11). 
Torrey,  John,  New  York,  N.  Y.  (1).    Born  Aug.  15,  1796.    Died  March 

10,  1873. 
Torrey,  Joseph,  Burlington,  Vt.  (2).    Born  Feb.  2,  1797.      Died  Nov.  26, 

1867. 
Totten,  Joseph  G.,  Washington,  D.  C.  (1).    Born  August  23,  1788.    Died 

April  22,  1864. 
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ADDRESS 

BY 

E.  S.  MORSE, 

THE  RETIBISG  PRESIDENT  OF  THE  ASSOCIATION. 


Ladies  and  Gentlemen  of  the  American  Association  for  the 
Advancement  of  Science  : — 

Eleven  years  ago  I  had  the  honor  of  reading  before  this  associa- 
tion an  address  in  which  an  attempt  was  made  to  show  what  Amer- 
ican zoologists  had  done  for  evoUition.  My  reasons  for  selecting 
this  subject  were,  first,  that  no  general  review  of  this  nature  had 
been  made  ;  and,  second,  that  many  of  the  oft-repeated  examples  in 
support  of  the  Derivative  theory  were  from  European  sources  and 
did  not  carry  the  weight  of  equally  important  facts,  the  records  of 
which  were  concealed  in  our  own  scientific  journals.  Darwin  was 
pleased  to  write  to  me  that  most  of  the  facts  I  had  mentioned  were 
familiar  to  him,  but  to  use  his  own  words  he  was  amazed  at  their 
number  and  importance  when  brought  together  in  this  manner. 
The  encouragement  of  his  recognition  has  led  me  to  select  a  con- 
tinuation of  this  theme  as  a  subject  for  the.  customary  presidential 
address,  a  task  which  is  at  best  a  thankless  if  not  a  profitless  one. 
Had  1  faintly  realized,  however,  tlie  increasing  number  and  impor- 
tance of  the  contributions  made  by  our  students  on  this  subject,  I 
should  certainly  have  chosen  a  diflTerent  theme. 

Incomplete  as  is  this  record  of  ten  years  work  I  am  compelled 
to  present  it.  In  the  Buffalo  address  two  marked  periods  in  the 
work  of  the  zoologists  in  this  country  are  recognized  :  the  one  pe- 
riod embracing  the  work  of  the  telegraphers,  the  field  surveyors 
in  the  science  ;  the  other  period  dating  from  the  advent  of  Agas- 
siz  with  the  wonderful  impulse  he  imparted  to  the  study  b}^  his 
enthusiasm  and  devotion.  A  third  period  in  American  zoological 
science,  and  by  far  the  most  important  awakening,  dates  from  the 
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publication  of  Darwin's  "Origin  of  Species."  Its  effect  on  zoolog- 
ical literature  was  striking.  The  papers  were  first  tinged  with 
the  new  doctrine,  then  saturated,  and  now,  without  reference  to  the 
theory,  Derivation  is  talien  for  granted. 

As  zoologists  we  are  indebted  to  Darwin  for  the  wide-spread 
public  interest  in  our  work.  Before  Darwin  the  importance  of  our 
special  studies  was  far  outweighed  by  the  practical  value  placed 
upon  science  in  the  application  of  which  an  immediate  material 
gain  was  assured.  Chemistry,  physics,  geology  were  important 
only  because  a  practical  application  of  these  sciences  was  capable 
of  showing  an  immediate  material  return. 

Agassiz,  in  his  appeal  to  the  state  for  appropriations  for  the  great 
Museum  at  Cambridge,  insisted  that  there  were  higher  dividends 
than  those  of  money  to  be  looked  for  in  endowments  for  zoological 
museums  and  these  were  intellectual  dividends.  While  the  force 
of  this  appeal  will  always  remain  true,  the  transcendent  impor- 
tance of  the  naturalist's  studies  from  the  standpoint  of  Darwin 
is  widely  recognized.  Man  now  becomes  an  object  of  rigid  scien- 
tific scrutiny  from  the  new  position  which  has  shed  such  a  flood  of 
light  upon  the  animals  below  him.  His  habits,  behavior,  the  phys- 
ical influences  of  his  environment  and  their  effects  upon  him, 
transmission  of  peculiarities  through  the  laws  of  heredity, — all  these 
factors  are  directly  implicated  in  the  burning  questions  and  prob- 
lems which  agitate  him  to-day.  Questions  of  labor,  temperance, 
prison  reform,  distribution  of  charities,  religious  agitations  are 
questions  immediately  concerning  the  mammal  man  and  are  now 
to  be  seriously  studied  from  the  solid  standpoint  of  observation 
and  experiment  and  not  from  the  emotional  and  often  incongruous 
attitude  of  the  church.  To  a  naturalist,  it  maj''  seem  well  nigh 
profitless  to  discuss  the  question  of  evolution  since  the  battle  has 
been  won,  and  if  tiiere  be  any  discussion  it  is  as  to  the  relative 
merits  and  force  of  the  various  factors  involved.  The  public, 
however,  are  greatly  interested  in  the  matter  as  may  be  seen  by  a 
renewal  of  the  fight  in  the  English  reviews,  and  the  agitation  is 
still  kept  up  by  well-meaning,  though  ignorant  advisers,  who  insist 
that  science  has  not  yet  accepted  the  doctrine  ;  and  great  church 
organizations  meet  to  condemn  and  expel  their  teachers  of  science 
from  certain  schools  of  learning  because  their  teachings  are  im- 
bued with  the  heresy. 

Dr.  Asa  Gray,^  in  his  discriminating  biographical  memoir  of 
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Darwin, saj^s  in  regard  to  the  "Doctrine  of  Descent"  "it  is  an  ad- 
vance from  which  it  is  evidently  impossible  to  recede.  As  has  been 
said  of  tlie  theory  of  the  Conservation  of  Energy,  so  of  tliis : 
'The  proof  of  tliis  great  generalization,  like  that  of  all  other  gen- 
eralizations, lies  mainly  in  the  fact  that  the  evidence  in  its  favor  is 
continually  augmenting,  while  that  against  it  is  continually  dimin- 
isliing,  as  the  progress  of  science  reveals  to  us  more  and  more  the 
workings  of  the  universe.'"  Let  us  examine  then  the  evidences, 
trivial  as  well  as  important,  that  have  been  recorded  by  American 
zoologists  within  the  past  ten  years  in  support  of  the  Derivative 
theory. 

Without  further  apology  for  the  very  imperfect  character  of  this 
survey,  let  me  at  once  begin  by  calling  attention  first  to  the  testi- 
mony regarding  the  variation  in  habits  and  evidences  of  reasoning 
power  in  animals.  The  establishment  of  individual  variation  in 
mental  powers,  change  in  habits,  etc.,  lies  at  the  foundation  of  Dar- 
winism as  furnishing  material  for  selective  action.  There  is  no 
group  of  animals  which  exceeds  the  birds  in  varied  and  suggestive 
material  for  the  evolutionist.  It  is  a  significant  fact  that  the  birds, 
which  appeared  to  Cnvier  and  his  contemporaries  a  closed  type,  a 
group  that  seemed  to  fulfil  the  ideal  conception  of  a  class  arche- 
type, as  compared  with  other  groups  which  had  their  open  as  well  as 
obscure  relationships,  should  be  of  all  groups  the  one  that  first 
yielded  its  exclusive  characteristics.  In  fact  there  is  no  group  in 
which  the  barriers  have  been  so  completely  demolished  as  in  this 
apparently  distinct  and  isolated  class.  An  attentive  and  patient 
study  of  the  birds  has  established  almost  every  point  defined  by 
Darwin  in  his  theory  of  natural  selection.  One  has  only  to  recall 
the  marked  reptilian  affinities  as  shown  in  their  embryological  and 
paleontological  history.  Besides  all  these  structural  relationships 
the  birds  possess  as  a  group  remarkable  and  striking  illustrations 
of  variation  in  color,  size,  marking,  nesting,  albinism,  melanism, 
moulting,  migration,  song,  geographical  variation,  sexual  selec- 
tion, secondar}'  sexual  characters,  protective  coloring ;  and  in  their 
liabits  show  surprising  mechanical  cunning  and  ingenuit}^  curious 
and  inexplicable  freaks,  parental  affection,  hybridity, — indeed  the 
student  need  go  no  farther  than  the  birds  to  establish  every  prin- 
ciple of  the  Derivative  theory. 

The  many  observations  on  the  nesting  habits  of  birds  would 
form  a  curious  chapter  as  illustrating  the  individual  peculiarities 
of  these  creatures. 
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Dr.  A.  S.  Packard  ^  records  the  fact,  as  related  to  him  hy  Mr. 
Wyatt,  of  wild  geese  nesting  in  large  cotton-wood  trees  on  Snake 
river,  west  of  the  Rocky  mountains,  and  Doctor  Cones  in  his 
"  Birds  of  the  Northwest"  says  wild  geese  "  nest  in  various  parts 
of  the  Upper  Missouri  and  Yellowstone  regions  in  trees."  Mr.  H. 
W.  Turner ""^  observes  a  robin  nesting  on  the  ground.  The  late  Dr. 
T.  M.  Brewer  4  points  out  some  very  curious  "Variations  in  the 
Nests  of  the  same  Species  of  Birds."  He  not  only  observes  indi- 
vidual variation  in  nest  structure,  but  shows  that  in  different  re- 
gions of  the  country  birds  of  the  same  species  build  different 
kinds  of  nests,  and  in  reflecting  on  these  peculiarities  he  is  led  to 
say  "  If  we  cannot  understand  what  it  can  be  that  stimulates  an 
E nipidonax  in  Staten  island  to  build  a  pensile  nest,  while  its  fel- 
low in  Indiana  builds  one  like  a  deep  cup  and  surrounded  with 
thorns,  and  another  group  in  Pennsylvania  put  theirs  on  an  ex- 
posed tree  top,  and  so  flat  that  the  eggs  seem  liable  to  roll  out, 
we  must  see  that  some  cause,  hidden  to  us,  is  gradually  effecting 
changes  that  sooner  or  later  may  become  universal  in  the  species, 
though  which  it  is  to  be  we  may  not  be  able  to  imagine." 

Mr.  J.  A.  Allen, ^  in  writing  on  the  inadequate  theory  of  birds' 
nests,  shows  grave  and  important  exceptions  to  Wallace's  theory, 
though  he  subscribes  heartily  to  his  philosophy  of  birds'  nests.  He 
expresses  surprise  that  closely  allied  species  of  birds  should  often- 
times build  divers  kinds  of  nests,  overlooking  the  fact  that  even 
closelj'  allied  varieties  of  man  build  entirely  unlike  houses. 

Mr.  F.  H.  Knowlton''  records  a  cliff  swallow  appropriating,  for 
the  construction  of  its  own  nest,  pellets  of  mud  which  were  being 
brought  by  another  swallow.  Also  the  curious  fact  that  a  num- 
ber of  swallows  were  observed  busily  engaged  in  sealing  up  a 
nest  in  which  one  of  their  comrades  lay  dead.  Among  the  curi- 
ous traits  of  birds,  Mr.  H.  B.  Bailey  ^  communicates  some  new  ones 
observed  in  the  red-headed  woodpecker  b}''  Mr.  Agersborg  of  Da- 
kota territory.  This  gentleman  had  observed  one  of  these  birds 
wedging  grasshoppers  in  a  large  crack  of  an  old  oak  post.  Nearly 
a  hundred  were  stored  away  in  this  manner,  the  bird  afterwards 
feeding  at  leisure  on  the  supply.  This  parallels  the  habit  of  the 
California  woodpecker  storing  acorns  in  holes  in  the  tree  and  sub- 
sequently feeding  on  the  fully  developed  larvae  within  the  seed. 

Mr.  0.  P.  Hay ,8  in  a  late  number  of  the  Auk,  has  an  interest- 
ing paper  on  the  red-headed  woodpecker  as  a  hoarder,  showing  that 
the  bird  makes  accumulations  of  beech  nuts,  pounding  them  be- 
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tween  the  shingles  of  a  roof,  wedging  them  into  crevices  and  stor- 
ing them  in  cavities  in  trees. 

The  plausible  suggestion  made  by  Darwin  as  to  the  agency  of 
aquatic  birds  in  the  wide  dispersal  of  fresh-water  mollnsks,  was 
singularly  confirmed  several  years  after  by  Mr.  Arthur  F.  Gray 
shooting  a  duck  which  had  clinging  to  one  of  its  toes  a  fresh-water 
mussel.  Dr.  J.  W.  Fewkes''  has  recently  recorded  the  shooting  of 
a  duck  in  Sebec,  Maine,  which  was  in  like  manner  transporting  a 
fresh-water  mussel.  The  same  bird  had  been  observed  several 
da)'s  before  with  this  curious  companion  clinging  to  its  foot,  and 
had  the  duck  been  migrating  at  the  time  it  might  have  transported 
the  mussel  many  hundreds  of  miles.  In  this  connection  it  would 
be  an  interesting  inquiry  as  to  how  far  the  similarity  observed  in 
north  temperate  and  circumpolar  animals  is  due  to  the  annual 
migration  of  birds  north  and  south. 

Mr.  William  Brewster  ^^  notes  some  interesting  features  in  the 
habits  of  a  young  Kittiwake  gull  of  the  St.  Lawrence.  He 
brought  home  a  young  one,  its  mate  having  died  of  thirst,  the 
other  one  surviving  through  the  accidental  discovery  that  the  bird 
drank  only  salt  water !  Both  the  birds  obstinately  refused  to 
drink  fresh  water.  Observations  on  this  bird  by  Prof.  A.  Hyatt 
showed  how  slowly  and  timidl}'  it  acquired  the  art  of  swimming 
and  flying.  The  bird  when  first  forced  to  fly  was  thrown  into  the 
air  and  to  the  surprise  of  Professor  Hyatt  flew  with  great  rapid- 
ity and  precision,  circling  about  the  house  and  through  the  apple 
trees,  and,  finally,  flew  near  him  several  times  in  the  greatest  agi- 
tation till  he  caught  the  bird  which  was  completely  exhausted. 
For  a  long  time  the  bird  went  through  this  manoeuvre,  showing  that 
while  he  knew  how  to  fly  it  could  not  alight,  though  it  finally 
acquired  this  faculty.  Prof.  L.  A.  Lee^^  records  a  remarkable  at- 
tack made  on  him  by  a  marsh  hawk,  and  Mr.  Abbott  M.  Frazer^^ 
tells  of  a  tame  crow  deliberately  standing  on  an  ant  hill  and  per- 
mitting the  ants  to  remove  the  parasites  from  its  feathers.  In 
this  connection  a  paper  by  Mr.  Joseph  F.  James  ^^  should  be  read 
in  which  he  shows  by  a  number  of  arguments  that  animals  not 
only  present  a  reasoning  faculty,  but  that  this  faculty  has  been 
the  result  of  slow  evolution. 

Mr.  Xenos  Clark, '3"  in  an  exceedingly  interesting  article  on  the 
music  of  animals  and  particularly  the  music  of  birds,  concludes 
by  saying  there  is  "  a  theory  for  the  origin  of  melody,  whether 
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human  or  extra-human,  which,  besides  the  usual  basis  of  ph3'siolog- 
ieal  acoustics,  employs  the  law  of  modified,  inherited,  selected  and 
adapted  structure,  i.  e.,  the  law  of  evolution." 

Mr.  Ruthven  Deane  ^^  records  cases  of  albinism  and  melanism  in 
a  great  many  families  of  birds,  and  Mr.  N.  C.  Brown  ^^  shows  the 
variable  abundance  of  birds  at  the  same  locality  in  different  years. 
In  this  connection  it  will  be  of  interest  to  read  Dr.  L.  P.  Grata- 
cap's^^  paper  entitled  "Zoic  Maxima,  or  Periods  of  Numerical  Va- 
riations in  Animals." 

The  behavior  of  wild  birds  when  kept  in  confinement  and  the 
attempts  made  in  domesticating  them  have  always  furnished  an  in- 
teresting field  for  study.  The  curious  freaks  and  impulses  wliich 
they  often  betray,  the  changes  they  show  under  the  new  conditions, 
indicate  in  some  measure  the  plasticity  of  their  organization. 

Hon.  John  D.  Caton,!'''  in  an  interesting  paper  on  "Unnatural 
Attachments  among  Animals,"  records  a  curious  fondness  shown 
by  a  crane  for  a  number  of  pigs,  and  in  another  paper  on  tlie 
"  Wild  Turkey  and  its  Domestication  "^^  this  writer  has  made  some 
valuable  records  of  the  successive  changes  which  take  place  in  the 
bird  during  this  process  ;  changes  in  color  during  which  the  more 
conspicuous  features  of  protective  coloring  are  lost ;  changes  in 
habit  in  which  is  seen  the  undoing  or  relaxing  of  those  features 
which  indicate  constant  vigilance,  from  carrying  itself  in  a  semi- 
erect  attitude,  perching  on  the  tallest  trees,  covering  up  the  eggs 
carefully  with  leaves  when  off  the  nest,  etc.,  to  moving  in  an  hori- 
zontal attitude,  perching  near  the  ground,  covering  the  eggs  but 
slightly,  or  carelessly,  etc.,  and  losing  that  wildness  which  char- 
acterizes the  bird  in  its  wild  state.  At  the  breeding  season,  how- 
ever, the  females  became  wild  again,  but  this  was  a  feature  too 
deeply  implanted  to  show  modification  in  the  time  allotted  to  Mr. 
Caton's  experiment.  The  same  writer^^  has  also  observed  in  the 
Hawaiian  Islands  the  effects  of  reversion  to  a  wild  state  of  differ- 
ent kinds  of  domestic  animals  which  have  from  time  to  time  been 
carried  there.  Among  other  animals  he  was  fortunate  enough  to 
observe  tlie  undoing  stages  in  the  domestic  turkey  and  the  assump- 
tion of  those  features  which  characterize  the  wild  bird. 

A  great  many  facts  illustrating  the  plainest  features  of  natural 
selection,  protective  coloring,  mimicry,  etc.,  have  been  recorded 
in  our  journals  from  time  to  time.  A  brief  allusion  may  be  made 
to  a  few  of  these. 
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Prof.  Samuel  F.  Clarke  20  notices  a  pronounced  case  of  natural 
selection, —  a  case  wliich  must  often  occur  in  nature.  He  kept  in 
large  glass  jars  masses  of  eggs  of  Amblystoma.  As  soon  as  these 
eggs  began  to  hatch  he  found  it  difficult  to  provide  the  young  with 
suitable  food,  and  yet  they  seemed  to  thrive.  On  examination 
many  of  them  were  seen  to  be  engaged  in  nibbling  the  branchia 
of  others,  and  as  they  increased  in  size  they  were  seen  to  swal- 
low the  weaker  individuals  bodily  and  hence  grow  with  increased 
rapidity.  "  Here  then,"  he  says,  "  was  a  very  interesting  case  of 
natural  selection  by  survival  of  the  fittest.  All  the  weaker  individu- 
als being  destroyed  and  actually  aiding  the  stronger  ones  by  serving 
them  as  food  until  they  could  pass  through  their  changes  and  escape 
to  other  regions  where  food  was  more  abundant."  Prof.  B.  G.  Wilder 
has  recorded  a  similar  condition  of  things  in  a  species  of  spider 
where  the  j'oung  spiders  within  the  case  enclosing  the  eggs  were 
feeding  on  the  weaker  ones.  Prof.  Henry  L.  Osborn^i  observes 
a  curious  case  of  mimicry  at  Beaufort  in  the  coloring  of  a  species 
of  Ovulum  which  frequents  a  species  of  Leptogorgia.  The  Ovu- 
lum  was  yellow  in  color  on  the  yellow  variety  of  this  sea  fan,  and 
purple  when  living  on  the  purple  variety.  Dr.  R.  E.  C.  Stearns  22 
has  made  some  interesting  notes  on  protective  coloring  in  Phry- 
nosomse.  Having  collected  these  horned  lizards  (or  toads  as  they 
are  commonly  called)  in  Central  California,  he  has  noticed  that  if 
the  ground  region  they  frequent  is  yellowish,  the  lizards  are  with- 
out exception  of  that  color ;  if  ashen  grey,  then  that  color  is  sim- 
ulated, and  this,  without  exception.  Further  than  this  he  is  "  led 
to  believe  that  a  sufficient  number  of  living  specimens  will  show  a 
similar  protective  factor,  in  degree  of  development  of  the  scale  im- 
brications, tubercles  so  called,  and  horns  —  or,  in  brief,  in  the  sculpt- 
ure aspect  as  related  to  the  surface  texture  of  the  ground  which 
forms  the  local  habitat  of  these  forms."  Dr.  A.  S.  Packard  ^3 
has  observed  the  partiality  of  white  butterflies  for  white  flowers. 
He  notices  the  European  cabbage  butterfly,  which  is  white,  go  di- 
rectly to  the  white  aster  and  rarely  visit  the  golden  rod,  while  the 
yellow  sulphur  butterfly  visits  the  yellow  flowers  of  the  golden  rod 
oftener  than  those  of  the  aster.  The  same  author  ^4  also  observed  a 
harmless  Egerian  moth  which  deceived  the  sharp  e3'e  of  a  trained 
entomologist  by  its  resemblance  to  a  wasp,  and  asks  why  a  bird 
may  not  be  equally  deceived.  Miss  Sarah  P.  Monks-^  observed  a 
case  of  mimetic  coloring  in  tadpoles,  their  tails  precisely  resem- 
bling the  leaves  of  an  aquatic  plant,  Ludovidgia. 
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Miss  Mary  E.  Murtfeldt  26  having  noticed  that  the  butterfly,  Py- 
rameis  Jmnteri,  always  deposited  its  eggs  on  the  plant  Antennaria, 
she  was  surprised  to  find  a  number  of  larvae  of  this  butterfly  on 
Artemisia.  The  customary  plant  being  rare  in  the  immediate  vi- 
cinity, the  butterfly  had  been  misled  by  the  surface  resemblance  of 
the  white  cottony  leaves  of  the  Artemisia  to  those  of  the  accus- 
tomed food  plant.     In  this  case  the  larvae  all  died. 

An  unquestionable  fact  has  been  finally  established  by  i^ecent 
methods  of  observation  on  the  habits  of  insects  and  other  animals, 
and  that  is  that  individuals  of  the  same  species  vary  in  intelligence  : 
that  they  are  not  automata ;  that  they  are  not  impelled  by  a  blind 
Instinct  to  perform  certain  acts  with  unerring  accuracy,  but  on  the 
contrary  that  they  var3''  and  often  greatly  vary  in  their  abilit}'  to 
provide  for  their  young,  in  their  skill  to  secure  sufficient  food,  in 
their  wit  to  avoid  danger, —  in  other  words,  they  make  blunders  and 
mistakes  and  involve  their  progeny  and  even  their  colony  in  ruin. 
This  individual  variation  in  intelligence  is  brought  out  very  clearly 
by  a  patient  series  of'observations  made  by  Drs.  G.  W.  and  E.  G. 
Peckham  ^7  on  the  special  senses  of  wasps.  They  not  only  re- 
peated many  of  the  experiments  of  Sir  John  Lubbock  but  many 
new  and  ingenious  experiments  were  devised.  Their  studies  were 
for  the  purpose  of  investigating  the  mental  power,  sense  of  hear- 
ing, color,  direction,  memory,  emotion,  power  of  communication, 
general  intelligence,  etc.  An  interesting  result  of  their  painstak- 
ing work  was  the  determination  of  individual  differences  as  to  the 
faculty  of  memory  and  power  of  distinguishing  color  and  direction. 
This  kind  of  study  of  the  habits  of  insects  has  brought  to  light 
features  of  the  most  surprising  character.  The  remarkable  studies 
of  Sir  John  Lubbock,  Dr.  Moggridge  and  others  in  Europe  have 
been  paralleled  in  this  country  not  only  by  the  observations  above 
quoted,  but  notably  by  the  labors  of  Rev.  H.  C.  McCook  ^s  in  his 
studies  of  the  American  ants  and  spiders.  In  various  papers  pub- 
lished in  the  Proceedings  of  the  Philadelphia  Academy  of  Natural 
Sciences  and  in  the  American  Naturalist,  he  has  shown  many  ex- 
traordinary and  curious  features  in  the  life  histories  of  these  ani- 
mals. The  great  variety  and  extent  of  his  work  must  be  mj^  excuse 
for  not  referring  to  it  in  detail. 

Prof.  G.  F.  Atkinson ,29  in  studying  a  new  species  of  trap-door 
spider,  confirms  the  observations  of  others  as  to  the  creature  de- 
liberately attaching  fragments  of  moss  to  the  lid  of  its  nest  in 
order  to  conceal  its  position.     Dr.  Thomas  Meehan  ^o  describes  a 
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hornet  that  was  gifted  with  great  intelligence.  He  saw  this  in- 
sect struggling  with  a  large  locust  in  unsuccessful  attempts  to  fly 
away  with  it.  After  several  fruitless  efforts  to  fly  up  from  the 
ground  with  his  victim  he  finally  dragged  it  fully  thirty  feet  to  a 
tree,  to  the  top  of  which  he  laboriously  ascended,  still  clinging  to 
his  burden,  and  having  attained  this  elevated  position  he  flew  off 
in  a  horizontal  direction  with  the  locust.  Dr.  Meehan  truly  says 
"There  was  more  than  instinct  in  this  act,  there  was  reasoning  on 
certain  facts  and  judgment  accordingly  and  the  insect's  judgment 
had  proved  correct." 

A  curious  case  of  circumspection  in  ants  is  recorded  by  Dr. 
Joseph  Leidy.31  In  an  empty  house  he  observed  some  ants  feed- 
ing on  crumbs  of  bread  left  by  the  workman.  He  at  once  placed 
pieces  of  bread  in  the  different  rooms  in  the  house  onl}'  to  find 
them  the  next  day  covered  with  ants,  which  he  destroyed  by  caus- 
ing them  to  fall  into  a  dish  of  turpentine.  After  a  few  days  the 
ants  no  longer  visited  the  bread  and  he  supposed  they  had  been 
exterminated.  A  few  days  after,  however,  he  observed  a  number 
of  ants  in  the  attic  feeding  on  the  body  of  a  dead  fly.  He  imme- 
diately got  a  lot  of  grasshoppers  and  distributed  their  bodies  in 
all  the  rooms,  only  to  find  that  they  were  soon  covered  with  ants, 
which  he  destro3'ed  as  before.  Tiiis  treat  continued  attractive  for 
a  few  days  only,  when  the  ants  abandoned  the  food.  In  brief  he 
tried  meat,  cake  and  various  other  articles  in  turn  ;  the  ants  for  a 
while  frequenting  these  snares  only  to  learn  the  danger  involved 
and  finally  avoided  them. 

The  gradual  dispersion  of  species  in  recent  times  is  of  great  in- 
terest, and  careful  records  should  be  made  of  the  facts  as  observed 
and  a  collection  of  large  numbers  of  individuals  made,  in  order  to 
compare  them  with  specimens  of  the  same  species  in  future  yeai's, 
to  ascertain  the  variation  which  may  have  taken  place  and  the  ten- 
dency of  that  variation.  A  number  of  observations  have  been 
published  within  the  last  ten  j'ears  showing  new  areas  of  distribu- 
tion. Littorina  litorea,  which  has  been  creeping  along  the  coast 
since  1869,  as  recorded  by  Gray,  Verrill  and  others,  has  now 
reached  the  southern  side  of  Long  Island  Sound  as  observed  by 
Mr.  Henry  Prime.^^  JJoplax  sub-carinala,  an  Ohio  river  species, 
has  been  found  in  the  Hudson  river  at  Catskill  landing.  Limax 
maximus,  first  found  at  Newport,  R.  I.,  by  Mr.  Powel,  has  since 
been  found  at  Cambridge,  Mass.,  by  Professor  Hyatt.     Bythinia 
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tentaculata,  first  recorded  from  Oswego,  N.  Y.,  by  Rev.  W.  M. 
Beauchamp,33  is  reported  as  having  been  found  at  Burlington,  Vt., 
by  G.  H,  Hudson.  In  the  Mohawk  river  is  a  thriving  community 
of  this  species,  the  first  having  been  placed  there  bj^  Dr.  James 
Lewis. 

Dr.  R.  E.  C.  Stearns, ^4  in  commenting  on  the  occurrence  of  Mya 
arenaria  in  San  Francisco  Bay,  states  that  the  first  record  of  the 
species  in  California  was  made  by  Dr.  Newcomb  in  1874.  Within 
a  few  years  it  has  increased  in  great  numbers,  furnishing  a  new 
food  supply  for  the  people.  The  evidence  that  it  is  a  recent  in- 
troduction is  seen  in  the  fact  that  so  large  and  conspicuous  a  spe- 
cies could  not  have  escaped  the  eye  of  the  collector.  No  trace  of 
it  has  ever  been  found  in  the  numerous  shellheaps  of  California, 
though  it  is  found  on  the  Asiatic  coast,  from  Kamtchatka  to  the 
southernmost  limits  of  Japan.  Dr.  Stearns  believes  it  to  have 
been  imported  with  the  oyster  transplanted  from  the  Atlantic 
coast.  From  large  numbers  of  the  shells  that  I  measured,  the  low 
index  would  show  that  it  came  from  some  southern  point  on  the 
Atlantic  coast. 

The  delicate  balance  of  conditions  between  organisms,  whether 
it  be  between  individuals  of  the  same  species  or  between  widely 
separated  groups,  is  an  important  feature  in  the  question  of  survival. 
Prof.  S.  A.  Forbes,3^  in  a  thoughtful  study  of  certain  species  of 
Entomostraca  in  Lake  Michigan  and  the  surrounding  waters,  calls 
attention  to  the  important  part  played  by  these  minute  crusta- 
ceans, showing  how  they  furnish  almost  the  entire  food  for  young 
fishes,  larger  crustaceans  and  even  insect  larvae.  He  writes  :  "Mol- 
lusca,  one  would  say,  could  aflford  to  be  indifferent  to  them,  since 
they  neither  eat  them  nor  are  eaten  by  them,  nor  seem  to  come  in 
contact  with  them  anywhere,  through  any  of  their  habits  or  necessi- 
ties. But  for  this  very  reason  these  two  classes  afford  an  excellent 
illustration  of  the  stringent  system  of  reactions  by  which  an  as- 
semblage of  even  the  most  diverse  and  seemingly  independent  or- 
ganisms is  held   together If  there  were  no  entomostraca 

for  young  fishes  to  eat,  there  would  be  very  few  fishes  indeed  to 
feed  upon'  mollusca,  and  that  class  would  flourish  almost  without 
restraint ;  while,  on  the  other  hand,  if  there  were  no  mollusca  for 
the  support  of  adult  fishes,  entomostraca  would  be  relieved  from  a 
considerable  part  of  the  drain  upon  their  numbers,  and  would  mul- 
tiply accordingly."     He  is  much  struck  with  the  fact  that  in  the 
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larger  bodies  of  water,  the  species  of  entomostraca  show  an  infe- 
rior development  in  numbers,  size  and  robustness,  and  in  reproduc- 
tive power.  Their  smaller  number  and  size  are  doubtless  due  to 
the  relative  scarcity  of  food.  "The  difference  of  reproductive 
energ}',  as  shown  by  the  much  smaller  egg-masses  borne  by  the 
lacustrine  species,  depends  upon  the  vastly  greater  destruction  to 
which  the  paludinal  Crustacea  are  subjected.  Many  of  the  latter 
occupy  waters  liable  to  be  exhausted  by  drought,  with  a  consequent 
enormous  waste  of  entomostracan  life.  The  opportunity  for  re- 
production is  here  greatly  limited  —  in  some  situations  to  early 
spring  alone —  and  the  chances  for  destruction  of  the  summer  eggs 
in  the  dry  and  often  dusty  soil  are  so  numerous  that  only  the  most 
prolific  species  can  maintain  themselves  under  such  conditions. 

"Further,  the  marshes  and  shallower  lakes  are  the  favorite  breed- 
ing grounds  of  fishes,  which  migrate  to  them  in  spawning  time,  if 
possible,  and  it  is  from  the  entomostraca  found  here  that  most 
young  fishes  get  their  earliest  food  supplies — a  danger  from  which 
the  deep-water  species  are  measurably  free.  Not  only  is  a  high 
reproductive  power  therefore  rendered  unnecessar}^  among  the  latter 
by  their  freedom  from  many  dangers  to  which  the  shallow-water  spe- 
cies are  exposed,  but  in  view  of  the  relatively  small  amount  of  food 
available  for  them,  a  high  rate  of  multiplication  would  be  a  positive 
injury,  and  could  result  only  in  wholesale  starvation." 

The  effect  of  birds  on  insect  life  has  engaged  the  attention  of 
the  same  author. ^6  His  inquiry  was  to  ascertain  whether  birds  orig- 
inated any  oscillations  in  the  numerical  proportion  of  insects  upon 
which  they  feed.  Many  interesting  facts  are  given  which  space 
forbids  quoting. 

A  number  of  contributions  have  been  made  on  the  influence  of 
environment  and  on  geographical  variation,  to  some  of  which  refer- 
ence must  be  made.  Prof.  Alpheus  Hyatt ^7  bears  unequivocal  tes- 
timony to  the  Derivative  theory  and  recognizes  clearly  the  influence 
of  external  surroundings  in  a  memoir  on  the  cephalopods,  when 
in  stating  the  law  of  organic  equivalence  he  says :  "The  action  of 
physical  changes  takes  effect  upon  the  irritable  organism,  which 
necessarily  responds  to  external  stimulants  by  an  internal  reaction 
or  effort.  This  action  from  within  upon  the  parts  of  the  organism 
modifies  their  hereditary  forms  by  the  production  of  new  growths 
or  changes  which  are,  therefore,  adapted  to  the  conditions  of  the 
habitat  or  the  physical  agents  and  forces  from  which  they  directly 
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or  indirectly  originate  ;"  or,  sliglitly  changing  this  interpretation 
in  accordance  with  the  same  facts,  each  individual  is  more  or  less 
susceptible  to  the  action  of  physical  influences  and  those  which  re- 
spond most  quickly  to  these  influences  come  more  promptly  in 
harmony  with  their  environment  which  is  natural  selection,  pure 
and  simple. 

Mr.  Charles  Morris,^^  in  a  series  of  papers  on  "Organic  Physics" 
and  the  "Polar  Organization  of  Animals,"  presents  many  new  and 
suggestive  thoughts  on  the  physico-chemical  action  in  life  and  devel- 
opment. He  concludes  that  "  there  are  inherent  in.  the  germ  en- 
ergies and  tendencies,  chemical,  molecular,  or  whatever  we  choose 
to  call  them,  adapted  to  the  complete  unfoldment  of  the  typical 
form  ;  but,  as  appears  evident,  their  operation  can  be  checked  by  in- 
fluences from  external  nature.  There  is  a  struggle  between  these 
contact  influences  and  the  innate  organic  tendencies." 

Under  geographical  variation  many  interesting  facts  have  been 
added  since  Professor  Baird,  Dr.  Allen  and  Mr.  Ridgway  pub- 
lished their  capital  discoveries,  calling  attention  to  the  variations 
observed  in  birds  and  mammals  coincident  with  their  latitudinal 
range.  "William  Bartram,  grandnephew  of  the  famous  botanist 
John  Bartram,  alludes  to  the  effect  of  climate  in  modifying  species. 
In  speaking  of  birds  he  says :  "the  different  soil  and  situation  of 
the  country  may  have  contributed  in  some  measure  in  forming  and 
establishing  the  diff'erence  in  size  and  qualities  betwixt  them." 

Dr.  J.  A.  Allen^^  shows  marked  geographical  variation  among 
North  American  mammals  in  respect  to  size.  He  shows  that 
"  1.  The  maximum  physical  development  of  the  individual  is  at- 
tained when  the  conditions  of  environment  are  most  favorable  to 
the  life  of  the  species.  2.  The  largest  species  of  a  group  (genus, 
sub-family,  or  famil}',  as  the  case  may  be)  are  found  when  the 
group  to  which  they  severally  belong  reaches  its  highest  devel- 
opment, or  when  it  has  what  maybe  termed  its  centre  of  distribu- 
tion. 3.  The  most  typical  or  most  generalized  representatives 
of  a  group  are  found  also  near  the  centre  of  distribution,  outlying 
forms  being  generally  more  or  less  aberrant  or  specialized."  In 
the  study  of  the  eggs  of  birds  of  the  same  species,  north  and 
south.  Dr.  Allen  shows  that  in  the  south  the  eggs  are  less  in 
number  and  smaller  in  size.^"  Mr.  Robert  Ridgway  ^i  calls  at- 
tention to  the  geographical  variation  observed  in  Dendroeca. 

The  same  author,  ^^  [^  ^  discussion  of  a  paper  by  Salvin  in 
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tlie  Transactions  of  the  Zoological  Society  of  London,  on  the 
relationships  between  tlie  birds  of  Guadahipe  and  the  mainland, 
refers  to  the  present  genesis  of  species,  and  points  to  the  increase 
in  size  of  the  bill  and  feet,  the  shorter  tail  and  wings  and  darker 
colors,  as  ciiaracterizing  them. 

Dr.  E.  C.  Coues,'*^  in  his  studies  regarding  geographical  varia- 
tion in  color  among  North  American  Insectivorous  mammals,  says : 
"My  studies  up  to  the  present  go  to  show  a  very  interesting  par- 
allelism with  the  state  of  the  case  I  have  determined  for  other 
small  mammals,  notably  the  mice  and  gophers,  and  which  my 
friend  Mr.  Allen  has  admirably  brought  out  in  his  studies  of  the 
squirrels.  In  some  cases  I  find  almost  identical  effects  of  climatic, 
or  other  conditions  upon  the  shrews  and  the  mice  of  particular  lo- 
calities, by  which  they  both  acquire  the  same  fades  loci.  Present 
indications  are  that  the  normal  variability  of  the  shrews  in  size, 
shape  and  color  is  not  less  than  has  been  determined  to  hold  good 
in  various  other  families  of  mammals."  In  this  memoir  Dr.  Coues 
has  verified  a  curious  fact  first  pointed  out  by  Professor  Baird,  of 
the  modifications  of  the  premolar  dentition  which  the  western 
species  collectively,  as  compared  with  the  eastern,  have  undergone  ; 
"A  striking  peculiarity  of  all  the  western  species,  no  matter  how 
diverse  in  other  respects,  is  to  have  the  '  third  premolar '  decid- 
edly smaller  than  the  '  fourth',  while  in  all  the  species  east  of  the 
Rocky  Mountains  (with  one  possible  exception)  the  same  tooth  is 
as  large  as,  or  larger  than,  the  other.  Of  the  fact  there  is  no  ques- 
tion ;  it  may  be  observed  in  an  instant,  and  is  unmistakable.  Its 
significance  is  anotlier  thing.  Some  of  the  western  species  are 
scarcely  distinguishable  if  at  all  from  their  respective  eastern  ana- 
logues, except  by  this  character,  and  they  all  show  it." 

Prof.  A.  Hyatt'*'*  finds  in  sponges  geographical  variation  in  color, 
referring  to  similar  features  in  birds  as  recorded  by  Baird  and 
others. 

Prof.  David  S.  Jordan,''^  in  a  paper  on  the  distribution  of  fresh- 
water fisiies,  presents  a  concise  series  of  propositions  which  gov- 
ern these  animals  in  the  United  States.  They  all  point  to  the 
action  and  importance  of  physical  conditions  as  governing  distri- 
bution. Space  will  permit  only  the  quoting  of  the  last  proposi- 
tion, which  is  a  summing  up  of  his  conclusions :  "The  distribution 
of  fresh-water  fishes  is  dependent  on  (a)  fresh-water  communica- 
tion ;  on  (6)  character  of  stream,  that  is,  of  water,  as  to  purity, 
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depth,  rapidity,  vegetable  growth,  etc. ;  on  (c)  the  character  of 
the  river  bed,  as  to  size,  condition  of  bottom,  etc. ;  on  (d)  climate, 
as  determined  by  latitude  and  by  elevation  above  the  sea ;  and  fi- 
nally on  (e)  various  unknown  factors  arising  from  the  nature  or  the 
past  history  of  tlie  species  in  question,  or  from  the  geological  his- 
tory of  the  rivers." 

Dr.  James  Lewis^^  has  observed  a  not  unlike  condition  of  things 
in  the  distribution  of  the  fresh-water  mussels  of  Ohio  and  Alabama. 
By  a  series  of  tables  he  calls  attention  to  what  he  believes  is  the 
occurrence  of  identical  and  equivalent  species  in  the  two  systems 
of  drainage  and  suggests  that,  owing  to  the  number  of  varieties 
characterizing  the  Unionidce  they  may  be  identical.  This  author'^^ 
has  also  studied  the  genus  lo  and  its  habits  and  notices  its  varia- 
tion coincident  with  latitude  and  temperature. 

Dr.  R.  E.  C.  Stearns,^^  in  a  paper  on  the  circumpolar  distribu- 
tion of  certain  fresh-water  mussels  and  the  identity  of  certain 
species,  unites  many  hitherto  recognized  species  of  Anodonta. 
Dr.  J.  G.  Cooper,^^  in  a  study  of  the  fossil  and  sub-fossil  land 
shells  of  the  United  States,  sees  the  strongest  evidence  in  support 
of  the  idea  that  the  older  ones  are  the  direct  ancestors  of  certain 
forms  living  to-day. 

Mr.  R.  P.  Whitfield  ^^  read  a  paper  before  the  Boston  Society 
of  Natural  History,  showing  changes  produced  in  Livmcea  me- 
gasoma  when  kept  in  an  aquarium.  Having  at  the  outset  three 
specimens,  two  of  them  finally  died  and  from  the  remaining  one 
eo-o-s  were  produced,  presumably  unimpregnated.  These  eggs 
hatched,  and  from  these  the  next  year  came  a  second  generation, 
which  in  turn  produced  a  third  generation  the  following  year.  The 
animal  of  Limncea  is  hermaphrodite.  Nevertheless  besides  dimin- 
ished size  in  the  shell  it  was  observed  that  the  male  parts  had  dis- 
appeared and  the  liver  had  become  considerably  reduced  in  size. 
He  shows  that  a  dioecious  species  had  in  a  short  time  become  mo- 
noecious as  a  result  of  the  new  physical  conditions  of  life  in  the 
constricted  quarters  of  an  aquarium. 

An  instructive  paper  by  Dr.  W.  D.  Hartman,^'  on  the  genus  Par- 
tula  of  the  Hawaiian  Islands,  shows  in  the  most  convincing  man- 
ner the  effect  of  environment  in  modifying  the  species.  He  finds 
a  common  occurrence  of  hybrids  among  certain  forms,  the  result  of 
the  union  of  proximate  species.  This  hybridization  occurring  even 
between  arboreal  and  ground  species,  Dr.  Hartman  states  "that 


E.  S.  MORSE.  15 

gravid  females  are  often  waslied  by  heavy  rains  from  a  favored  po- 
sition to  drier  levels,  where  after  a  few  generations  the  progeny 
become  depauperated,  and  so  stunted  in  size  as  to  be  mistaken  for 
distinct  species."  Dr.  W.  H.  Dall,^^  Jq  gome  general  considera- 
tions regarding  tlie  environment  of  the  deep-sea  mollusks  as  com- 
pared with  the  shallow-water  and  littoral  forms,  shows  how  much  the 
littoral  forms  have  to  contend  with  in  the  struggle  for  existence  as 
compared  with  the  deep-sea  forms,  and  the  delicate  sculpture  and 
extreme  fragility  of  many  of  the  shells  occurring  in  the  deeper 
abysses  of  the  sea  are  to  be  explained  on  the  ground  of  their  habi- 
tat. Dr.  Carl  F.  Gissler^^  ^i^g  presented  some  interesting  evi- 
dences of  the  effect  of  chemico-physical  influences  in  the  evolution 
of  the  branchipod  crustaceans. 

The  effect  of  mechanical  strains  as  producing  like  morphologi- 
cal effects  has  been  treated  in  a  masterly  way  by  Dr.  John  A. 
Ryder. ^'*  He  cites  the  vertebral  axes  of  turtles  and  extinct  arma- 
dillos, also  the  sacra  of  birds  and  mammals,  and  says  "These 
observed  coincidences,  it  is  believed,  are  neither  accidental,  nor 
designed  by  an  active  cause  external  to  these  organisms  or  their 
cosmic  environment.  I  would  rather  believe  that  the  structures, 
so  far  as  they  have  been  evolved  in  parallel  or  similar  ways,  are 
the  results  of  like  forces  conditioning  growth  and  nutrition  in  defi- 
nite modes  and  determinate  directions.  The  manner  of  incidence 
of  the  modifying  forces  being  in  all  cases  determined  by  the  vol- 
untary actions  of  the  organisms,  the  actions  in  turn  are  deter- 
mined by  the  degree  of  intelligence  of  the  animal  manifesting 
them." 

In  considering  the  "Laws  of  Digital  Reduction"  ^^  Doctor  Ryder 
gives  a  concise  presentation  of  the  various  groups  of  animals, 
showing  in  each  the  line  of  mechanical  strain  in  the  extremities 
and  its  correlation  with  the  increased  development  of  those  digits 
bearing  this  strain,  and  the  consequent  reduction  or  atrophy  of 
those  digits  out  of  this  line.  These  considerations  led  him  to  the 
following  conclusions : 

I.  "  Tluit  the  mechanical  force  used  in  locomotion  during  the 
struggle  for  existence  has  determined  the  digits  which  are  now 
performing  the  pedal  function  in  such  groups  as  have  undergone 
digital  reduction. 

II.  That  where  the  distribution  of  mechanical  strains  has  been 
alike  upon  all  the  digits  of  the  manus  or  pes,  or  both,  they  have 
remained  in  a  state  of  approximate  uniformity  of  development. 
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III.  It  is  held  that  these  views  are  Lamarkian  and  not  Darwin- 
ian ;  that  is,  that  they  more  especially  take  cognizance  of  mechan- 
ical force  as  a  mutating  factor  in  evolution,  in  accordance  with  the 
doctrine  of  the  correlation  of  forces." 

Doctor  Ryder  further  says  "  It  seems  a  most  convincing  proof 
of  the  doctrine  of  descent  to  find  man  an  instance  of  the  same 
kind  of  specialization  determined  by  the  manner  of  the  distribu- 
tion of  strains  as  is  so  often  found  among  the  lower  groups,  such 
as  the  horses,  sloths,  jumping  mice  and  even-toed  ungulates." 

In  another  memoir ^^  Doctor  Ryder  considers  the  mechanical 
motion  in  forming  and  modifying  teeth.  Considering  first  the 
simplest  form  of  movement  in  the  mammal's  jaw,  opening  and 
closing,  without  fore  and  aft  or  lateral  movement,  he  shows  the 
successive  changes  going  on  coincident  with  the  more  complex 
movements  of  the  jaw,  and  that  the  enamel  foldings,  ridges, 
crests,  etc.,  have  apparently  been  modified  in  conformity  with  the 
ways  in  which  the  force  used  in  mastication  was  exerted. 

Prof.  A.  Hyatt,^'''  in  an  exhaustive  study  of  the  Planorbis  of 
Steinheim,  shows  among  other  things  the  effect  of  gravitation  as 
accounting  for  the  form  of  the  moUusk  shell,  citing  examples 
from  all  the  classes  and  even  drawing  examples  from  other  sub- 
kingdoms  to  support  his  views. 

Prof.  E.  D.  Cope,^^  in  a  memoir  on  Archsesthetism,  considers  the 
hypothesis  of  use  and  effort,  the  office  of  consciousness,  etc.  He 
attempts  to  show  that  consciousness  is  primitive  and  a  cause  of 
evolution.  He  sustains  his  thesis  by  a  series  of  arguments  which, 
if  not  beyond  my  grasp,  would  be  too  extensive  to  present  here. 
I  can  only  repeat  the  regret  I  expressed  in  the  Buffalo  address : 
namely,  that  neither  Professor  Cope  nor  Professor  Hyatt  has  yet 
been  induced  to  present  to  the  public  an  illustrated  and  simple  out- 
line of  their  theories.  Such  a  demonstration,  I  am  sure,  would  be 
acceptable  not  only  to  the  public  but  to  many  scientific  students 
as  well.  While  these  two  eminent  naturalists  believe  fully  in  the 
Derivative  theory  they  insist  that  Darwin's  theory  is  inadequate 
to  explain  many  of  the  phenomena  and  facts  which  they  encounter 
in  their  studies.  Darwin  has  distinctly  said  in  his  first  edition  of 
the  "Origin  of  Species,"  "I  am  convinced  that  natural  selection 
has  been  the  main  but  not  the  exclusive  means  of  modification ;" 
and  in  his  sixth  edition  of  the  same  work,  in  quoting  these  words, 
he  laments  that  he  is  still  misunderstood  on  this  point.  The  the- 
ory of  acceleration  and  retardation  of  these  authors  is,  if  I  under- 
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stand  it  rightly,  a  very  plain  case  of  natural  selection.  It  was 
inevitable  that  those  individuals  that  matured  the  quickest  were 
better  prepared  to  defend  themselves,  were  quicker  in  the  field, 
were  able  to  give  their  offspring  an  earlier  start  in  the  season,  were 
in  every  way  more  fitted  to  survive  than  those  which  matured  later. 
It  is  assumed  that  this  is  a  law  when,  to  my  mind,  it  seems  the 
simplest  result  of  natural  selection.  Instead  of  overriding  it,  it  is 
only  a  conspicuous  result  and  proof  of  it. 

A  parallel  case  ma}'  be  seen  in  the  increase  in  size  of  the  brain 
in  the  vertebrates,  and  conspicuously  in  the  higher  vertebrates, 
since  their  first  appearance  in  geological  history.  The  individual 
brain  clearly  varies  in  size  and  it  does  not  require  a  great  effort  to 
perceive  how  in  the  long  run  the  greater  brain  survives  in  the  com- 
plex struggle  for  existence.  Associated  with  the  greater  develop- 
ment, parts  that  were  freely  used  for  locomotion  before  are  now 
compelled  to  perform  additional  service,  and  through  the  law  of  use 
and  effort,  which  all  admit  as  an  important  factor,  organs  are  mod- 
ified in  structure,  the  anterior  portion  of  the  body  assumes  a  new 
aspect ;  and  it  was  on  the  character  of  these  parts  and  aspects  that 
Professor  Dana  was  led  to  formulate  his  comprehensive  and  ingen- 
ious principle  of  Cephalization.  It  is  a  result  and  not  a  cause. 
And  so  I  believe,  though  with  great  deference  to  Cope  and  Hyatt, 
that  the  laws  of  acceleration  and  retardation,  exact  parallelisms, 
inexact  parallelisms  and  still  more  inexact  parallelisms,  and  many 
other  laws  and  theories  advanced  by  these  gentlemen,  are  not  causes 
but  effects,  to  be  explained  by  the  doctrine  of  natural  selection 
and  survival  of  the  fittest. 

The  connecting  links  and  intermediate  forms  which  the  skeptical 
public  so  hungrily  demand  are  continually  being  discovered. 
Great  gaps  are  being  closed  up  rapidly,  but  the  records  of  this 
work  being  published  in  the  journals  of  our  scientific  societies  are 
hidden  from  the  public  eye  as  much  as  if  they  had  been  published 
in  Coptic.  So  rapidly  have  these  missing  links  been  established 
that  the  general  zoologist  finds  it  difficult  to  keep  up  with  the 
progress  made  in  this  direction.  He  can  hardly  realize  the  com- 
pletion of  so  many  branches  of  the  genealogical  tree. 

Professor  Cope,^^  who  has  accomplished  so  much  in  this  direction, 
says  :  "Those  who  have,  during  the  last  ten  years,  devoted  them- 
selves to  this  study  have  been  rewarded  by  the  discovery  of  the 
course  of  development  of  many  lines  of  animals,  so  that  it  is  now 
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possible  to  show  the  kind  of  changes  in  structure  which  have  re- 
sulted in  the  species  of  animals  with  which  we  are  familiar  as  liv- 
ing on  the  surface  of  the  eartli  at  the  present  time.  Not  that  this 
continent  has  given  us  the  parentage  of  all  forms  of  animal  life, 
or  all  forms  of  animals  with  skeletons,  or  vertebrae,  but  it  has 
given  us  many  of  them.  To  take  the  vertebrata,  we  have  obtained 
the  long- since  extinct  ancestor  of  the  very  lowest  vertebrates. 
Then  we  have  discovered  the  ancestor  of  the  true  fishes.  We  have 
the  ancestor  of  all  the  reptiles,  of  the  birds,  and  of  the  mammals. 
If  we  consider  the  mammals,  or  milk-givers,  separately,  we  have 
traced  up  a  great  many  lines  to  their  points  of  departure  from  very 
primitive  things.  Thus  we  have  obtained  the  genealogical  trees 
of  the  deer,  the  camels,  the  musk,  the  horse,  the  tapir,  and  the  rhi- 
noceros, of  the  cats  and  dogs,  of  the  lemurs  and  monkeys,  and 
have  important  evidence  as  to  the  origin  of  man." 

In  1874  he  predicted  that  the  ancestor  of  all  the  mammals  would 
be  a  five-toed,  flat-footed  walker  with  tubercular  molar  teeth,  or  in 
exact  language  a  pentadactyle,  plantigrade  bunodont.  Seven  years 
after  he  obtained  evidences  that  such  a  type  of  mammals  abound- 
ed in  North  America  during  the  early  Eocene  Tertiary  period. 
Prof.  Cope,6°  in  his  phylogeny  of  the  camels,  shows  a  remarkable 
parallel  to  that  of  the  horse,  both  forms  appearing  in  the  lower 
Eocene.  Mr.  Eugene  N.  S.  Kingueberg^^  believes  he  has  found  in 
a  thin  layer  of  limestone  at  Gasport,  N.  Y.,  a  deposit  in  which  a 
number  of  forms  of  Brachiopods  seem  to  present  the  intermediate 
stages  between  certain  brachiopods  common  to  the  Clinton  and  the 
group  of  rocks  immediately  above.  While  the  majority  of  species 
in  this  deposit  belong  to  the  Niagara,  there  are  among  the  fossils 
met  with,  three  species  of  brachiopods  which  were  supposed  to  have 
passed  out  of  existence  with  the  Clinton.  He  finds  in  this  bed 
thirty-two  lorms  peculiar  to  the  Niagara,  eleven  common  to  Niag- 
ara and  Clinton,  three  belonging  to  the  Clinton  and  two  character- 
istic forms  of  the  transition  group.  Many  of  these  show  intermediate 
characters. 

Prof.  H.  S.  Williams,62  in  his  paleontological  studies  of  the  life 
history  of  ISpirifer  Icevis,  in  which  he  traces  the  ancestral  line  of 
this  creature,  says  :  "Whatever  theoretical  description  we  may  give 
to  species,  here  are,  in  the  first  place,  an  abundance  of  individual 
organisms  whose  remains  are  found  in  the  upper  Silurian  rocks  of 
Europe,  Great  Britain  and  America,  presenting  a  few  clearly  marked 
distinctive  characters,  which  are  found  variously  developed  in  the 
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individual  forms,  but  so  grading  in  the  various  varieties  as  to 
cause  careful  naturtUists  to  associate  tbem  as  varieties  of  a  single 
species." 

Dr.  C.  A.  White,  ^^  in  his  comparisons  of  the  fresh-water  mus- 
sels and  associated  moUusks  of  the  Mesozoic  and  Cenozoic  periods 
with  living  species,  expresses  his  belief  that  the  present  Unios  of 
North  America,  particularly  those  forms  allied  to  Unio  clavus,  have 
come  down  in  an  unbroken  line  from  the  Jurassic  and  possibly  from 
earlier  times.  He  shows  that  thus  far  all  the  fossil  Unios  have 
been  obtained  from  lacustrine  deposits,  none  of  these  beds  being 
distinctly  fluviatile.  He  furthermore  calls  attention  to  the  fact  that 
'*  these  lacustrine  formations  are  of  very  great  extent  in  western 
North  America,  and,  without  doubt,  the  lakes  in  which  they  were 
deposited  were  caused  by  encircling  bands  of  rising  land  during 
the  elevation  of  the  continent.  These  great  land-locked  waters 
were  at  first  brackish,  but  finally  became,  and  for  a  long  time  re- 
mained, fresh,  continuing  so  until  their  final  desiccation."  From 
this  commingling  of  salt  and  fresh  water  he  justly  assumes  that 
many  modifications  arose  in  the  forms  of  Unios  subjected  to  these 
influences  and  hence  has  resulted  a  variety  of  forms  which  have 
gone  on  continually  widening  to  the  present  day. 

Prof.  A.  G.  Wetherby,  ''^  in  a  paper  on  the  geographical  distri- 
bution of  certain  fresh-water  moUusca  and  the  possible  cause  of 
their  variation,  shows  the  paucity  of  forms  of  Unionidae  on  tiie  Pa- 
cific and  Atlantic  coasts  as  compared  to  the  richness  and  profusion 
of  those  forms  in  the  central  portion  of  the  continents.  He  re- 
marks also  on  the  absence  of  the  family  Strepotomidie,  east  of  the 
Alleghanies.  He  assumes  that  the  first  fresh-water  forms  were 
lacustrine.  He  points  out  the  well-known  geological  fact  of  large 
inland  enclosures  and  their  subsequent  drainage,  and  shows  tlie 
vicissitudes  which  must  have  been  encountered  by  species  in  the 
variety  of  physical  conditions  implied  by  these  changes.  In  this 
connection  I  may  be  permitted  to  call  attention  to  the  fact  that  at 
a  meeting  of  this  Association,  at  Hartford,  in  1874,  I  made  a  com- 
munication on  the  origin  of  the  Nortli  American  Unionidae  in  which 
I  urged  some  of  the  points  made  by  Dr.  White  and  Professor  Weth- 
erby.* 

•The  following  is  a  brief  abstract  wliich  was  published  in  the  Hartford  Courant 
Auguwt,  1874.  "Mr.  Morse  in  explaining  the  origin  of  the  North  American  Unlonidaa  did 
not  pretend  to  point  out  the  absolute  line  ot  descent  in  tiiese  forms,  but  wished  to  call 
attention  to  some  curious  features  in  the  possible  derivation  of  the  fresh-water  families 
of  MoUusks  from  cognate  geuera  living  in  salt  water.    It  is  observed,  first,  that  the 
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Dr.  Thomas  H.  Streets,65in  studying  the  immature  plumage  of  the 
North  American  shrikes,  was  much  struck  with  the  close  resem- 
'blance  between  the  plumage  of  the  young  of  Sula  cyanops  and  the 
adult  plumage  of  another  species.  Recalling  a  generalization  made 
by  Darwin  that  "when  the  young  differs  in  color  from  the  adult, 
:and  the  colors  of  the  former  are  not,  as  far  as  we  can  see,  of  any 
special  service,  they  may  generally  be  attributed,  like  various 
embryological  structures,  to  the  retention  by  the  young  of  the 
characters  of  an  early  progenitor."  He  then  shows  the  gradation 
between  the  several  species  of  shrikes  from  this  standpoint  and 
traces  their  descent  from  a  common  ancestor. 

Prof.  S.  A.  Forbes,66  in  a  study  of  the  "Blind  Cave  Fish  and 
their  Allies,"  is  led  to  review  the  conclusions  reached  by  Prof. 
F.  W.  Putnam  in  his  interesting  papers  on  the  subject.  Professor 
Putnam  brought  forth  a  number  of  arguments  which  seemed  to  him 
to  militate  against  the  views  urged  by  evolutionists  that  their  pecu- 
liar characters  were  adaptive  and  the  result  of  their  cave  life.  He 
was  led  to  the  conclusion  that  the  absence  of  light  had  not  brought 
about  the  atrophy  of  the  eyes,  the  development  of  special  sense 
organs,  and  the  bleaching  of  the  skin.  In  referring  to  another  cave 
fish,  Chologaster,  with  eyes  fully  developed,  it  was  urged  that  the 
argument  in  regard  to  eyeless  fishes  could  have  no  weight.  In  re- 
sponse to  this  it  was  answered  that  possibly  Chologaster  had  not 
been  subjected  to  subterranean  influences  long  enough  to  be  af- 
fected, and  this  objection  was  anticipated  by  urging  that  we  have 
no  right  to  assume  that  Chologaster  is  a  more  recent  inhabitant  of 
the  caves,  until  proven. 

The  discovery  of  another  species  of  Chologaster,  taken  from  a 
spring  at  the  base  of  a  limestone  cliff  in  Illinois,  has  given  Professor 
Forbes  an  opportunity  to  make  careful  comparisons  with  the  cave 
Chologaster.     He  says  in  regard  to  it  "The  most  important  and 

few  families  of  fresh-water  mollusks  are  intimately  related  to  those  forms  which  live  ia 
the  sea  between  high-  and  low- water  mark,  and  those  which  can  withstand  the  influence 
of  brackish  water.    He  cited  certain  families  of  fresh-water  mollusks  wliich  are  so 

closely  related  to  tidal  forms  as  hardly  to  be  distinguished  from  tliem 

In  explaining  the  immense  number  of  species  of  fresli-water  mussels  in  America  com- 
pai-ed  to  the  very  few  forms  in  Europe,  we  might  look  to  an  explanation  of  this  feature 
in  the  past  geological  history  of  the  two  continents. 

In  Europe  there  have  been  no  great  inland  seas,  while  in  America  its  past  history 
shows  the  enclosing  of  large  tracts  of  water  in  which  freshening  from  brackish  water 
went  on,  and  while  many  forms  succumbed  to  these  changed  conditions,  only  those 
forms  survived  which  resemble  certain  littoral  species.  And  with  tlie  curious  modifi- 
cations that  must  have  taken  place  in  these  changed  conditions,  one  gets  a  possible  ex- 
planation of  the  great  variety  of  mollusks  in  our  western  rivers." 
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interesting  peculiarity  of  this  species  indicates  a  more  advanced 
stage  of  adaptation  to  a  subterranean  life  tlian  tliat  of  its  conge- 
ners." Referring  to  Professor  Putnam's  arguments,  Professor 
Forbes  says  tliat  "the  discovery  of  a  species  of  Chologaster,  which 
frequents  external  waters,  of  an  immediate  subterranean  origin,  sup- 
plies all  needed  proof  that  the  genus  either  has  a  shorter  subterranean 
history  than  Amblyopsis,  or,  at  any  rate,  has  remained  less  closely 
confined  to  subterranean  situations  ;  and  that  in  either  case  the  oc- 
currence of  eyes,  partial  absence  of  sensory  papillae  and  persistence 
in  color,  are  thus  accounted  for  consistently  with  the  doctrine  of 
'descent  with  modification.'"  In  this  connection  it  may  be  of  in- 
terest to  read  the  curious  fact  recorded  by  Mr.  S.  H.  Trowbridge  ^^ 
of  the  discovery  in  the  Missouri  river  of  a  shovel-nosed  sturgeon 
which  had  the  skin  growing  over  the  eyes,  completely  inclosing 
them.  Dr.  S.  H.  Scudder,  ^^  in  a  memoir  read  before  the  Na- 
tional Academy,  brings  forward  evidence  to  show  that  ordinal  fea- 
tures among  insects  were  not  differentiated  in  Palaeozoic  times, 
but  that  "all  Palaeozoic  insects  belonged  to  a  single  order  which, 
enlarging  its  scope  as  outlined  by  Goldenberg,  we  may  call  Palaeo- 
dictyoptera  ;  in  other  words,  the  palaeozoic  insect  was  a  generalized 
Hexapod,  or  more  particularly  a  generalized  HeterometaboLon." 
In  a  memoir  on  the  earliest  winged  insects  of  America  embrac- 
ing a  reexamination  of  "  The  Devonian  Insects  of  New  Brunswick" 
published  by  the  author,  Dr.  Scudder  replies  to  some  sharp  crit- 
icisms and  objections  made  by  Dr.  Hagen  and  pertinently  says, 
"That  there  is  no  evidence — but  the  contrary — that  Dr.  Ilagen  in 
his  investigations  uses  the  'theory  of  descent'  as  a  working  hy- 
pothesis, without  which  no  one  studying  any  group  of  animals  in 
the  period  of  its  rise  and  most  rapid  evolution  can  expect  to  do 
otherwise  than  stumble  and  wander  astray.  To  refuse  it  is  to 
merit  failure." 

Prof.  J.  S.  Kingsley,  ^^  in  his  study  of  Limulus,  regards  it  is  an 
Arachnid,  but  states  that  its  ancestors  take  us  back  to  a  time  when 
the  distinctions  between  the  Crustacea  and  Arachnida  were  far 
less  marked  than  now. 

Dr.  A.  S.  Packard,^''  in  a  paper  on  the  "Genealogy  of  the  Insects," 
shows  by  means  of  a  "genealogical  tree"  the  descent  of  the  class 
from  the  Thysanura,  with  some  hypothetical  creature  not  unlike 
Scolopendrella,  as  the  probable  stem-form  of  the  Hexapods.  It  is 
through  the  resemblance  the  larvse  of  the  different  orders  of  in- 
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sects  bear  to  various  members  of  the  Thysanura  that  this  sclieme 
is  justified.  It  may  not  be  out  of  place  to  say  here  that  tlie  use 
of  the  "genealogical  tree,"  in  suggesting  the  probable  line  of  de- 
scent of  various  allied  groups,  has  been  severely  condemned  by 
some  as  leading  to  no  practical  good  in  classification.  It  seems 
to  me,  however,  the  only  clear  scheme  for  the  proper  working  out 
of  the  ascertained  or  hypothetical  relationships  of  animals ;  it  is 
thought-exciting,  its  very  attitude  provokes  studious  inquiry  and 
suggestive  inferences.  It  ma}'  be  called  the  modern  tree  of  knowl- 
edge. 

The  modern  genealogical  tree  as  used  by  the  biological  student 
(and  as  well  by  the  ethnologist,  philologist  and  others)  is  a 
graphic  diagram  of  the  relationships  between  groups  as  understood 
by  the  projector,  and,  as  such,  is  a  most  commendable  and  useful 
method  with  which  to  illustrate  his  meaning.  With  additional 
knowledge  one  can  see,  at  a  glance,  the  points  that  need  strength- 
ening, and  he  can  pare,  prune,  or  even  graft  new  fruits  on  the  old 
stock,  or  if  it  is  rotten  at  the  trunk,  cut  it  down  altogether.  These 
trees  have  alwa3'8  been  in  vogue  with  the  older  naturalists,  only, 
in  the  old  style  of  arboriculture,  the  trunk  was  always  kept  stiffly 
vertical  while  the  branches  were  bent  down  and  trained  horizon- 
tally, being  flimsily  attached  to  the  main  stem  by  printers'  devices 
of  long  and  short  brackets.  In  this  attitude  it  reminded  one  of 
the  dwarfed  and  deformed  trees  of  the  Chinese  and  very  properly 
typified  the  dwarfed  and  deformed  way  of  looking  at  classification. 

Never  was  the  provisional  use  of  a  genealogical  tree  more  com- 
pletely justified  than  in  a  memoir  by  Dr.  Alexander  Agassiz  ''^  on 
the  "Connection  between  Cretaceous  and  Echinid  Faunae."  He 
certainly  speaks  in  no  uncertain  terms  when  in  considering  the 
Spatangoids  of  the  chalk  he  says,  "They  lead  us  directly  through 
the  Palfeostominae  and  the  Collyritidse  to  the  Ananchytidse  which 
have  persisted  to  the  present  day,"  and  other  relationships  of  the 
same  nature  are  repeatedly  urged  as  would  not  only  justify  the  use 
of  the  genealogical  diagram  against  which  he  so  strongly  inveighed 
in  his  admirable  address  before  this  Association  at  the  Boston 
meeting,  but  had  he  adopted  this  method  a  much  clearer  view  of 
the  very  points  he  wished  to  emphasize  would  have  been  afforded 
his  readers. 

It  was  the  strictures  of  Agassiz  above  referred  to  that  led  Prof. 
W.  K.  Brooks  ''^  to  write  a  paper  on  the  subject  of  "Speculative 
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Zoology  "  in  which  he  most  earnestly  and  ably  defends  the  use  of 
genealogical  diagrams  and  justly  says,  "If  pliylogenetic  specula- 
tions retard  science,  speculations  upon  homology  must  do  the 
same  thing,  and  the  only  way  to  avoid  danger  will  be  to  stick  to 
facts,  and,  stripping  our  science  of  all  that  renders  it  worthy  of 
thinking  men,  to  become  mere  observing  machines." 

Since  1876  Professor  Marsh  and  Professor  Cope  have  in  various 
journals  and  Government  publications  presented  the  results  of 
their  discoveries  of  the  past  vertebrate  life  of  North  America.  The 
General  Government  has  published  the  two  great  monographs  of 
Professor  Marsh  on  the  Dinocerata,  an  extinct  order  of  gigantic 
mammals,  and  the  Odontornlthes,  an  order  of  extinct  toothed  birds, 
as  well  as  Professor  Cope's  great  volume  on  tlie  Tertiary'  Verte- 
brata  besides  other  memoirs  by  the  same  authors.  Space  will  for- 
bid more  than  a  passing  allusion  to  the  varied  and  remarkable  ad- 
ditions to  our  knowledge  of  extinct  vertebrate  life  made  by  these 
naturalists. 

Had  a  moiety  of  the  work  accomplished  by  these  investigators 
been  known  to  GeofTroy  St.  Hilaire  the  theory  of  descent  would 
have  been  established  long  before  Darwin,  though  to  Darwin  and 
Wallace  belongs  the  full  credit  of  defining  the  true  cduse.  Leidy, 
Marsh  and  Cope  have  not  only  brought  to  light  a  great  number  of 
curious  beasts,  many  of  them  of  gigantic  and  unique  proportions, 
but  forms  revealing  in  their  structure  the  solution  of  many  mor- 
phological puzzles  and  throwing  light  on  the  derivation  of  many 
obscure  parts. 

The  discovery  in  the  western  tertiaries  of  multitudes  of  huge 
and  monstrous  mammals  and,  earlier  still,  of  gigantic  and  equally 
monstrous  reptiles,  naturally  led  at  once  to  an  inquiry  as  to  the 
cause  of  their  extinction.  "Nothing  can  be  more  astonishing," 
'  says  Prof.  Joseph  LeConte,''^  "  than  the  abundance,  variety  and 
prodigious  size  of  Reptiles  in  America  up  to  the  very  close  of  the 
Cretaceous,  and  the  complete  absence  of  all  the  grander  and 
more  characteristic  forms  in  the  lowest  Tertiary  ;  unless,  indeed, 
it  be  the  correlative  fact  of  the  complete  absence  of  mammals  in 
the  Cretaceous  and  their  appearance  in  great  numbers  and  vari- 
ety in  the  lowest  Tertiary.  ..."  The  wave  of  reptilian  evo- 
lution had  just  risen  to  its  crest,  and  perhaps  was  ready  to  break, 
when  it  was  met  and  overwhelmed  by  the  rising  wave  of  mammal- 
ian Evolution."    In  this  paper  of  LeConte's,  which  is  entitled  "On 
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Critical  Periods  in  the  History  of  the  Earth  and  their  Relation  to 
Evolution :  and  on  the  Quaternary  as  such  a  Period, "  may  be 
found  an  excellent  rejoinder  of  Prof.  Clarence  King's  lecture  before 
the  Sheffield  Scientific  School  on  the  subject  of  Catastrophism  and 
Evolution. 

Among  the  most  interesting  discoveries  connected  with  these 
creatures  is  the  determination  by  Professor  Marsh '''^  that  these  early 
mammals,  birds  and  reptiles  had  brains  of  diminutive  proportions. 
He  says  in  regard  to  the  order  Dinocerata,  a  group  of  gigantic  mam- 
mals whose  remains  have  been  found  in  the  tertiary  deposits  of 
the  Rocky  Mountain  region,  that  they  are  the  most  remarkable  of 
the  many  remarkable  forms  brought  to  light.  The  brain  of  these 
creatures  was  remarkable  for  its  diminutive  proportion.  So  small 
indeed  was  the  brain  of  Dinoceras  mirabile  that  it  could  "appar- 
ently have  been  drawn  through  the  neural  canal  of  all  the  presacral 
vertebrae."  In  alluding  to  the  successive  disappearance  of  the  large 
brutes,  the  cause  is  not  difficult  to  find :  "  The  small  brain,  highly 
specialized  characters,  and  huge  bulk,  rendered  them  incapable  of 
adapting  themselves  to  new  conditions,  and  a  change  of  surround- 
ings brought  extinction.  The  existing  Proboscidians  must  soon 
disappear,  for  similar  reasons.  Smaller  mammals,  with  larger 
brains,  and  more  plastic  structure,  readily  adapt  themselves  to  their 
environment,  and  survive,  or  even  send  off  new  and  vigorous  lines. 
The  Dinocerata  with  their  very  diminutive  brain,  fixed  characters, 
and  massive  frames,  flourished  as  long  as  the  conditions  were  es- 
pecially favorable,  but,  with  the  first  geological  change,  they  per- 
ished, and  left  no  descendants."  Professor  Marsh  says  that  the 
brain  of  Dinoceras  was  in  fact  the  most  reptilian  brain  in  any 
known  mammal. 

Professor  Cope  ■''5  in  describing  the  brain  of  Coryphodon  from 
the  deposits  of  New  Mexico,  says:  "The  large  size  of  the  middle - 
brain  and  olfactory  lobes  gives  the  brain  as  much  the  appearance 
of  that  of  a  lizard  as  of  a  mammal."  This  is  one  of  the  lowest 
mammalian  brains  known.  There  are  others  from  the  lower  Eo- 
cene with  equally  low  brains  as  Arctocyon  of  Gervais  and  Uinta- 
therium  of  Marsh.  Cope  believes  that  the  type  of  brain  of  these 
early  creatures  is  so  distinct  as  to  necessitate  the  erection  of  a 
third  sub-class  of  equal  rank  with  the  groups  Gyrencephala  and 
Lycencephala  which  he  would  define  as  the  Protencephala.  He 
shows  their  approximation  to  reptiles. 
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Cope  '^  refers  to  Gratiolet  as  showing  that  a  great  development 
of  the  olfactory  is  a  character  of  an  inferior  tj'pe  ;  in  fact,  the  more 
we  ascend  into  paleontological  antiquity,  the  more  we  find  that  the 
olfactory  lobes  display  a  greater  development  in  comparison  with 
the  cerebral  hemispheres.  Dr.  B.  G.  Wilder''  has  shown  that  in 
the  lamprey  the  only  part  which  can  be  regarded  as  a  cerebral  hem- 
isphere lies  laterad  of  the  olfactory  lobe.  In  Dipnoi  he  finds 
that  the  cerebral  outgrowth  is  ventrad.  In  another  paper"^  he 
says :  "  In  either  of  these  directions  in  which  what  may  be  re- 
garded as  the  special  organ  of  the  mind  is  projected  among  these 
low  or  generalized  forms,  there  would  seem  to  be  mechanical  ob- 
stacles to  any  considerable  expansion  ;  but  dorsally  there  is  op- 
portunity for  comparatively  unlimited  extension,  and  it  is  in  this 
direction  that  the  hemispheres  begin  to  develop  in  the  Amphibia 
and  attain  such  enormous  growth  in  Birds  and  Mammals."  How 
far  the  small  brain  and  presumably  stolid  intellects  brought  about 
t'le  extinction  of  the  huge  tertiary  mammals  may  be  better  un- 
derstood by  the  suggestions  offered  by  Prof.  A.  E.  VerrilF^  in  a 
lecture  at  Yale  College  entitled  "  Facts  Illustrative  of  the  Dar- 
winian Theory."  He  shows  wliat  an  important  factor  parental 
instinct  is  in  the  evolution  of  species.  He  regards  the  lack  of 
parental  care  "  as  one  of  the  probable  causes,  though  usually  over- 
looked, of  the  extinction  of  many  of  the  large  and  powerful  reptiles 
of  the  mesozoic  age  and  of  the  large  mammals  of  the  tertiary." 
He  says  :  "  The  very  small  size  of  the  brain  and  its  low  organization 
in  these  early  animals  are  now  well  known,  and  we  are  justified  in 
believing  that  their  intelligence  or  sagacity  was  correspondingly 
low.  They  were  doubtless  stupid  and  sluggish  in  their  habits,  but 
probably  had  great  powers  of  active  and  passive  resistance  against 
correspondingly  stupid  carnivorous  species.  But  unless  the  helpless 
young  were  protected  by  their  parents,  they  would  quickly  have 
been  destroyed  ;  and  such  species  might,  in  this  waj',  have  been 
rapidly  exterminated  wlienever  they  came  in  contact  with  new 
forms  of  carnivorous  animals,  having  the  instinct  to  destroy  the 
new-born  young  of  mammals,  and  the  eggs  and  young  of  ovipa- 
rous reptiles.  Tims  it  would  have  come  about,  that  the  more  in- 
telligent forms,  by  the  development  of  the  parental  instinct  for 
the  active  protection  of  their  young  against  their  enemies,  would 
have  survived  longest,  and  therefore  would  have  transmitted  this 
instinct,  with  other  correlated  cerebral  developments,  to  their  de- 
scendants." 
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Prof.  John  Fiske,  in  his  Cosmic  Philosophy,  arrived  at  a  simi- 
lar conclusion  in  regard  to  early  man.  He  showed  that  when  va- 
riations in  intelligence  became  more  important  than  variations  in 
physical  structure,  then  they  were  seized  upon  to  the  relative  ex- 
clusion of  the  latter. 

The  derivative  theory  has  not  only  clearly  revealed  the  fact  that 
animals  have  been  derived  from  preexisting  forms,  but  it  shows 
even  more  clearly  that  organs  have  been  evolved  as  well.  It  is 
difficult  in  a  general  review  of  this  nature  to  sepai-ate  clearly  the 
two  classes  of  facts. 

Professor  Cope  ^o  has  traced  the  genesis  of  the  quadritubercular 
tooth  in  the  mammals  of  the  present  day.  He  finds  that  the  type 
of  the  superior  molar  tooth  of  the  mammals  of  the  Puerco  epoch 
was  triangular  or  tritubercular,  that  is,  with  two  external  and  one 
internal  tubercle.  Of  forty-one  species  of  mammals  of  this  epoch 
all  but  four  of  them  had'  this  type  of  tooth.  He  finds  that  this 
tooth  exists  to-day  only  in  the  insectivorous  and  carnivorous  mar- 
supials. In  brief  he  shows  a  gradual  change  taking  place  from  the 
early  primitive  type  of  tooth  in  the  gradual  development  of  an- 
other tubercle.  The  same  author ,^1  in  defining  the  characters  of  an 
ancient  order  of  mammals,  the  Amblypoda,  says  they  are  the  most 
generalized  order  of  hoofed  mammals,  being  intermediate  in  the 
structure  of  their  limbs  and  feet  between  the  Proboscidia,  the 
Perissodactyla  and  Artiodactyla,  which  fact  together  with  the  small 
size  of  the  brain  places  them  in  antecedent  relation  to  the  latter, 
in  a  systematic  sense,  connecting  them  with  the  lower  mammals 
with  small  and  smooth  brains  still  in  existence ;  and  in  a  pliylo- 
genetic  sense  since  they  precede  the  other  orders  in  time,  they 
stand  in  the  relation  of  ancestors. 

Professor  Cope,^^  in  a  paper  read  before  this  Association  on  the 
"  Classification  of  the  Ungulata,"  gives  special  attention  to  the 
arrangement  and  character  of  the  carpal  and  tarsal  bones.  He 
shows  "  that  the  weaker  structure  of  the  carpus  and  tarsus  appears 
first  in  time  ;  that  the  stronger  structure  appeared  first  in  the  pos- 
terior limbs,  and  that  the  interlocking  structure  has  greatly  mul- 
tiplied, while  the  linear  has  dwindled  and  mostly  disappeared. 
Here  is  a  direct  connection  between  mechanical  excellence  and 
survival." 

In  the  light  of  Mr.  Caldwell's  unquestionable  determination 
of  the  oviparous  character  of  that  curious  mammal,  the  duck-bill 
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mole,  associated  with  its  known  reptilian  bearings  as  deduced  from 
its  slteleton  and  other  features,  the  deductions  of  Professor  Cope  "^3 
regarding  tlie  "Relations  between  the  Theromorphous  Reptiles  and 
the  Monotreme  Mammalia"  are  of  great  interest. 

In  the  Theromorpha  are  two  divisions,  one  of  which,  the  Pely- 
cosauria,  is  limited  to  the  Permian,  and  of  one  of  this  group  he 
makes  the  following  comparisons:  "  1.  The  relations  and  num- 
ber of  the  bones  of  the  posterior  foot  are  those  of  the  Mammalia 
much  more  than  those  of  the  Reptilia.  2.  The  relations  of  the 
astragalus  and  calcaneum  to  each  other  are  as  in  the  Monotreme 
Platypus  anatinus.  3.  Tlie  articulation  of  the  fibula  with  both  cal- 
caneum and  astragalus  is  as  in  the  Monotreme  order  of  mammals." 

In  brief  he  shows  the  affinity  of  this  reptile  to  be  with  the 
monotremes,  and  that  the  affinities  are  very  important  in  the  light 
of  Mr.  Caldwell's  researches,  and  the  further  fact  that  the  devel- 
opment of  the  egg  is  meroblastic  confirms,  so  to  speak,  the  reptil- 
ian affinities  of  the  monotremes. 

Here  then  are  a  series  of  observations  by  different  observers 
from  different  standpoints,  all  telling  the  same  story.  Osteolo- 
gists have  long  ago  pointed  out  the  reptilian  affinities  of  the  mon- 
otremes from  the  character  of  the  skeleton.  The  anatomists  in 
like  manner  have  insisted  upon  certain  reptilian  characters  as 
well  as  avian  characters  from  its  internal  structure.  A  trained 
zoologist  now  studies  it  on  the  ground  and  finds  it  laying  true 
eggs,  a  fact  that  had  been  insisted  upon  several  times  in  the  present 
century.  More  significant  still,  the  study  of  these  eggs  shows 
that  they  go  through  a  reptilian  mode  of  development.  And  now 
the  paleontologist  brings  to  light  the  remains  of  a  reptile  from 
the  Permian  rocks  and  again  establishes  the  sanae  relations. 

In  this  connection  the  examination  by  Dr.  Henry  C.  Chapman  ^^ 
of  a  foetal  kangaroo  and  its  membranes  is  of  interest.  The  foetus  be 
examined  was  fourteen  days  old.  He  states  that  it  had  no  true 
placenta  and  saj's  "  If  the  parts  in  question  have  been  truthfully 
described  and  correctly  interpreted,  as  partly  bridging  over  the 
gap  between  the  placental  and  non-placental  vertebrates,  they 
supply  exactly  what  the  theory  of  evolution  demands  and  furnish, 
therefore,  one  more  proof  of  the  truth  of  that  doctrine." 

-To  those  who  have  already  been  startled  by  the  memoir  of  Dr. 
W.  Baldwin  Spencer  on  the  presence  and  structure  of  the  pineal 
gland  in  Lacertilia  and  the  evidence  that  it  represents  a  third  eye 
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in  a  rudimentary  condition,  it  will  be  interesting  to  know  that 
among  some  of  the  earlier  mammals  the  pineal  gland  may  have 
assumed  functional  importance  as  an  eye.  Prof.  Henry  F.  Os- 
born  S5  shows  that  in  the  skull  of  the  curious  mammal  Tritylodon, 
of  Owen,  there  is  seen  a  parietal  foramen  in  exactly  the  same  po- 
sition and  relation  as  in  the  lizard  Sphenodon. 

Professor  Osborn  regards  this  fact  of  remarkable  interest,  as  it 
adds  greatly  to  the  rapidly  accumulating  evidence  for  the  reptilian 
affinities  of  the  mammalia.  Professor  Owen,  in  the  description  of 
this  unaccountable  opening,  suggested  that  it  might  be  due  to 
posthumous  injury. 

Professor  Marsh,^^  in  a  description  of  the  skull  of  Diplodocus, 
a  Dinosaur,  describes  a  fontanelle  in  the  parietal  on  the  median 
line  directly  over  the  cerebral  cavity.  He  adds,  however,  that 
this  may  be  merely  an  individual  variation. 

Professor  Cope  ^^  observes  an  enormous  fronto-parietal  foramen 
in  the  skull  of  Empedodes  molarls,  a  curious  creature  from  the 
Permian. 

It  would  appear  evident  from  these  facts  that  at  one  time  the 
pineal  gland,  which  in  the  mammals  is  in  a  rudimentary  condition 
and  in  certain  Lacertilia  sufficiently  perfect,  as  an  eye,  to  be  sen- 
sitive to  light  impressions  at  least,  was,  in  certain  extinct  mam- 
mals and  reptiles,  of  large  size  and  functionally  active.  It  is 
a  significant  fact  that  no  sooner  does  some  one  opposed  to  evolu- 
tion undertake  to  lay  down  the  law  by  setting  a  boundary  to  type 
features,  than  a  discovery  is  made  that  breaks  down  the  barrier. 
Thus  Dr.  Thomas  Dwight,^^  in  an  interesting  memoir  on  the  "Sig- 
nificance of  Bone  Structure"  in  which  he  makes  a  brave  defence  for 
teleology,  says,  in  speaking  of  the  persistence  of  the  vertebrate 
plan,  "  There  are  never,  for  instance,  more  than  two  eyes  or  one 
mouth  or  two  pairs  of  limbs,"  and,  lo !  an  extra  eye  is  immedi- 
ately added. 

Dr.  Spencer  Trotter  ^^  has  made  a  study  of  the  collar  bone  and 
its  significance,  in  which  he  accounts  for  its  presence  or  absence  in 
mammalia  by  correlating  it  with  the  life  habits  of  the  animal  in 
the  use  of  the  fore  limb.  He  says  "  Every  fully  developed  tissue 
in  an  organism  is  needed  or  it  would  not  be  there ;  and  just  so 
soon  as  by  increasing  change  in  life  and  habits  it  becomes  a  fac- 
tor of  less  and  less  importance  to  the  animal,  it  fails  more  and 
more  to  attain  its  former  standard  of  development,  and  in  time 
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falls  back  to  the  primitive  condition  from  which  it  arose  and  finally 
disappears." 

Many  new  and  interesting  facts  have  been  added  sustaining  the 
affinity  between  tlie  birds  and  reptiles.  Prof.  O.  C  Marsh  9^  made 
a  careful  study  of  the  Archeopteryx  in  the  British  Museum.  The 
new  points  he  has  added  bring  out  still  more  strongly  the  extraordi- 
nary characters  blended  in  this  creature.  Among  other  features 
he  discovered  the  separate  condition  of  the  pelvic  bones,  and 
shows  that  while  it  must  be  considered  a  bird,  yet  it  has  true  teeth, 
bi-concave  vertebrjB,  three  separate  fingers  in  each  hand,  all  fur- 
nished with  claws,  metatarsals  and  metacarpals,  equally  unanchy- 
losed  and  the  pelvic  bones  separate,  as  already  mentioned. 

Dr.  J.  Amory  Jeffries,^^  in  a  study  of  the  claws  and  spurs  on 
birds'  wings,  has  presented  an  interesting  table  showing  the  num- 
ber of  phalanges  in  each  finger,  from  the  highest  to  the  lowest 
family  of  birds,  with  the  presence  or  absence  of  claws  recorded  for 
each  finger.  This  table  shows  very  clearly  that  the  higher  birds 
have  fewer  phalanges  and  no  claws,  and  as  one  approaches  the 
lower  families  the  phalanges  increase  in  number,  the  first  finger 
having  two  phalanges  and  the  second  and  third  fingers  being  tipped 
with  claws. 

In  a  brief  study  of  the  tarsus  of  low  aquatic  birds,^^  made  with 
special  reference  to  the  interpretation  of  the  ascending  process  of 
the  astragalus  with  the  intermedium  of  reptiles,  I  observed  a  sep- 
arate centre  of  ossification  for  this  so-called  process,  observed  its 
unquestionable  position  between  the  tibiale  and  fibulare,  its  in- 
crease in  size  with  the  growth  of  the  bird  and  its  final  anchylosis 
with  the  proximal  tarsal  bones.  In  the  bones  of  a  young  Dinornis, 
which  through  the  courtesy  of  Dr.  Henry  Woodward  I  was  kindly 
permitted  to  examine  in  the  British  Museum,  the  ascending  proc- 
ess was  large  and  conspicuous  and  firmly  anchylosed  with  the  co- 
ossified  tarsals  to  the  distal  end  of  the  tibia.  Professor  Marsh,^^ 
in  a  study  of  the  metatarsal  bones  of  Ceratosaurus,  a  Dinosaur 
discovered  by  him,  found  that  the  metatarsals  coossified  in  the 
same  manner  as  those  of  the  Penguin. 

The  question  as  to  the  existence  of  a  sternum  in  Dinosaurian 
reptiles  has  long  been  in  doubt.  Professor  Marsh  ^^  has,  however, 
discovered  in  Brontosaurus,  one  of  the  largest  known  Dinosaurs, 
two  flat  bones  which  he  regards  as  clearly  belonging  to  the  sternum. 
They  correspond  to  the  immature  stage  of  similar  parts  in  birds. 
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Dr.  Alexander  Agassiz,  ^^  in  a  study  of  the  young  stages  of  cer- 
tain osseous  fishes,  shows  that  while  the  tail  is  a  modified  heterocer- 
cal  one,  it  is  for  all  that  in  complete  accordance  with  embryonic 
growth  and  paleontological  development ;  and,  independently,  Dr. 
John  A.  Ryder 96  finds  that  "the  median  fins  of  fishes  normally' 
present  fi/e  well-marked  conditions  of  structure  which  correspond 
inexactly  to  as  many  stages  of  development,  which,  ill  typical 
fishes,  succeed  each  other  in  the  order  of  time." 

Mr.  James  K.  Thatcher^^"  in  a  study  of  the  "Median  and  Paired 
Fins,  a  contribution  to  the  history  of  vertebrate  limbs"  shows  "that 
the  limbs  with  their  girdles  were  derived  from  a  series  of  similar 
simple  parallel  rays,  and  that  they  were  a  specialization  of  the 
continuous  lateral  folds  or  fins  evidenced  in  embryos,  which  were 
with  some  probability  homologous  with  the  lateral  folds  or  meta- 
pleura  of  the  adult  Amphioxus." 

A  great  amount  of  work  has  been  done  in  making  clear  the  ear- 
lier stages  in  the  development  of  animals  and  breaking  down  the 
hard  and  fast  lines  which  were  formerly  supposed  to  exist  between 
the  larger  divisions.  Dr.  C.  S.  Minot,^'''  in  a  series  of  papers  on 
Comparative  Embryology,  in  referring  to  the  work  accomplished 
says  "These  researches  have  completely  altered  the  whole  science 
of  comparative  anatomy  and  animal  morphology  by  entirely  up- 
setting a  large  part  of  Cuvier's  classification  and  the  idea  of  types 
upon  which  it  was  based,  substituting  the  demonstration  of  the  fun- 
damental identity  of  plan  and  structure  throughout  the  animal 
kingdom  from  the  sponges  to  man." 

Prof.  C.  O.  Whitman,^^  in  describing  a  "rare  form  of  the  blasto- 
derm of  the  chick,  in  which  the  primitive  groove  extended  to  the 
very  margin  of  the  blastoderm,  terminating  here  in  the  marginal 
notch  first  observed  by  Pander,"  justly  contends  that  "in  the  origin 
of  the  embryo  from  a  germ-ring  by  the  coalescence  of  the  two  halves 
along  the  axial  lines  of  the  future  animal,  and,  secondly,  in  the 
metameric  division  which  followed  in  the  wake  of  the  concrescence," 
we  have  evidence  of  the  annelidan  origin  of  the  vertebrates  since 
concrescence  of  the  germ  bands  is  a  well  established  fact  for  both 
chsetopods  and  leeches. 

The  tracing  of  apparently  widely  divergent  structures  to  a  com- 
mon origin  has  engaged  the  attention  of  many  of  our  investigators. 
Not  only  has  a  large  amount  of  evidence  been  offered  to  show  a 
common  origin  of  widely  separated  structures,  but  memoirs  of  a 
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speculative  and  theoretical  character  have  given  us  a  possible  clew 
to  the  avenues  we  may  follow  in  further  establishing  a  proof  of  the 
unit}'  of  origin  of  forms  and  parts. 

Dr.  Francis  Dercum  ^^  gives  an  interesting  review  of  the  struct- 
ure of  the  sensory  organs  and  urges  tiiat  the  evidence  goes  to 
prove  the  common  genesis  of  these  organs. 

Prof.  A.  Hyatt  ^"''  has  presented  an  interesting  study  of  the 
larval  history  of  the  origin  of  tissue.  He  attempts  to  show  a  phy- 
letic  connection  between  the  Protozoa  and  Metazoa,  and  also  to 
show  that  the  tissue  cells  of  the  latter  are  similar  to  asexual 
larvae  "and  are  related  by  their  modes  of  development  to  the  Pro- 
tozoa just  as  larval  forms  among  the  Metazoa  themselves  are  re- 
lated to  the  ancestral  adults  of  the  different  groups  to  which  they 
belong."  Dr.  John  A.  Ryder  ^•'^  has  studied  the  law  of  nuclear 
displacement  and  its  significance  in  embryology.  In  a  discussion 
of  this  subject  he  says  ''The  mode  of  evolution  of  the  yelk  is  of 
great  interest,  and  doubtless  occurred  through  the  working  of  nat- 
ural selection.  It  is  evidently  adaptive  in  character,  and  the  ne- 
cessity for  its  presence  as  an  appendage  of  the  egg  grew  out  of  the 
exigencies  of  the  struggle  for  existence." 

Mr.  H.  W.  Conn,  '**^  in  a  paper  entitled  "Evolution  of  the  Deca- 
pod Zoae"  gives  a  number  of  striking  and  suggestive  facts  explain- 
ing the  reason  of  the  multiform  and  diverse  character  of  the  larvae 
of  decapod  crustaceans.  He  shows  in  what  wa}'  natural  selection 
has  affected  the  young.  What  has  seemed  an  almost  insoluble 
mystery,  as  to  why  the  early  stages  of  closely  allied  crustaceans 
should  be  so  often  diverse  in  their  varied  armature  of  long  spines, 
their  powers  of  rapid  flight,  etc.,  are  explained  on  the  ground  of 
natural  selection.  In  another  memoir  by  the  same  author,^"^ 
on  the  significance  of  the  "Larval  skin  of  Decapods,"  a  very  com- 
plete discussion  of  the  views  of  authors  are  given.  At  the  outset 
he  shows  that  the  crustaceans  are  a  particularly  favorable  group 
for  the  study  of  phylogeny  and  then  suggests  the  character  of  the 
ancestral  form  of  the  Crustacea  from  the  significance  of  the  larval 
envelope.  The  author  infers  from  his  studies  that  "  all  Decapods 
are  to  be  referred  back  to  a  form  similar  to  the  Protozoae  (Zoae)  in 
which  the  segments  of  the  thorax  and  probably  of  the  abdomen 
were  present,  and  whose  antennae  were  locomotive  organs." 

Not  the  slightest  justice  can  be  done  this  admirable  discussion  in 
the  brief  reference  here  made,  but  the  perusal  of  it  will  certainly 
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impress  one  with  the  profound  change  which  has  taken  place  in  the 
method  of  treating  a  subject  of  this  nature  compared  to  the  treat- 
ment it  might  have  received  in  pre-Darwinian  days.  Indeed  the 
features  discussed  in  this  paper  would  not  have  attracted  a  mo- 
ment's attention  from  the  older  naturalists. 

Since  Darwin  published  his  provisional  theory  of  Pangenesis  it 
has  provoked  speculative  efforts  on  the  part  of  some  of  our  natu- 
ralists to  devise  other  hypotheses  which  might  answer  some  of  the 
objections  urged  against  Darwin's  hypothesis.  Space  will  permit 
only  a  mention  of  a  few  of  these  papers.  Prof.  W.  K.  Brooks^*'* 
presented,  in  brief  abstract  at  the  Buffalo  meeting  eleven  years 
ago,  a  provisional  theory  of  Pangenesis.  These  views  more  elab- 
orated are  now  published  in  book  form  under  the  title  of  "The  Laws 
of  Heredity."  An  illustrious  reviewer  says  it  is  the  most  important 
contribution  on  the  speculative  side  of  Darwinism  that  has  ever  ap- 
peared in  this  country.  He  has  also  aptlj'  termed  studies  of  this 
nature  molecular  biology.  Dr.  Louis  Elsberg  at  the  same  meet- 
ing also  read  a  paper  on  the  plastidule  hypothesis. 

Dr.  John  A.  Ryder  ^^^  has  made  an  interesting  contribution  en- 
titled "The  Gemmule  versus  the  Plastidule  as  the  Ultimate  Phys- 
ical Unit  of  Living  Matter."  In  this  paper  he  discusses  Darwin's 
provisional  theory  of  Pangenesis  and  shows  it  to  be  untenable 
from  Galton's  experiments. 

Haeckel's  provisional  hypothesis  of  the  Perigenesis  of  the  Plas- 
tidule is  clearly  stated,  and  he  closes  by  saying  that  the  logical 
consequences  of  the  acceptance  of  Haeckel's  theory  and  with  it  the 
theory  of  dynamical  differentiation — because  the  latter  is  no  longer 
an  hypothesis — forever  relegate  teleological  doctrines  to  the  cate- 
gory of  extinct  ideas. 

The  widespread  public  interest  in  Darwinism  arose  from  the 
fact  that  every  theory  and  every  fact  advanced  in  proof  of  the 
derivative  origin  of  species  applied  with  equal  force  to  the  origin 
of  man  as  one  of  the  species.  The  public  interest  has  been  contin- 
ually excited,  by  the  consistent  energy  with  which  the  church, 
Catholic  and  Protestant  alike,  has  inveigiied  against  the  dangerous 
teachings  of  Darwin.  Judging  by  centuries  of  experience,  as  at- 
tested by  unimpeachable  historical  records,  it  is  safe  enough  for 
an  intelligent  man,  even  if  he  knows  nothing  about  the  facts,  to 
accept  promptly  as  truth  any  generalization  of  science  which  the 
church  declares  to  be  false,  and  conversely  to  repudiate  with  equal 
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promptness,  as  false,  any  interpretation  of  the  behavior  of  the  uni- 
verse which  the  church  adjudges  to  be  true.  In  proof  of  this 
sweeping  statement  one  has  only  to  read  the  imposing  collec- 
tion of  facts  brought  together  by  Dr.  White,  the  distinguished 
ex-president  of  Cornell  University,  which  are  embodied  in  his  work 
entitled  "The  Warfare  of  Science,"  as  well  as  two  additional  chap- 
ters on  the  same  subject  which  have  lately  appeared  in  the  Popu- 
lar Science  Monthly.  One  then  realizes  the  lamentable  but 
startling  truth  that,  without  a  single  exception,  every  theory  or 
hypothesis,  every  discover}'  or  generalization  of  science  has  been 
bitterly  opposed  by  the  church,  and  particularly  by  the  Catholic 
church  which  resists,  and,  as  Huxley  says,  "  must,  as  a  matter  of 
life  and  death,  resist  the  progress  of  science  and  modern  civiliza- 
tion." 

Only  the  briefest  reference  can  here  be  made  to  a  few  of  the 
numerous  contributions  on  the  subject  of  man's  relationship  to 
the  animals  below  him.  The  rapidly  accumulating  proofs  of  the 
close  relation  existing  between  man  and  the  Quadrumana  make 
interesting  every  fact,  however  trivial,  in  regard  to  the  structure 
and  habits  of  the  higher  apes. 

Dr.  Arthur  E.  Brown  '°^  has  made  some  interesting  experiments 
with  the  monkeys  at  the  zoological  gardens  in  Philadelphia.  He  found 
that  the  monkeys  showed  great  fear,  as  well  as  curiositj',  when  a 
snake  was  placed  in  their  cage,  though  they  were  not  affected  by 
other  animals,  such  as  an  alligator  and  turtle.  On  the  other  hand, 
mammals  belonging  to  other  orders  showed  no  fear  or  curiosity  at 
a  snake.  These  experiments,  repeated  in  various  ways,  lead  him 
to  only  one  logical  conclusion  "that  the  fear  of  the  serpent  became 
instinctive  in  some  far  distant  progenitor  of  man,  by  reason  of  his 
long  exposure  to  danger  and  death  in  a  horrible  form,  from  the 
bite,  and  that  it  has  been  handed  down  through  the  diverging  lines 
of  descent  which  find  their  expression  to-day  in  Homo  and  Pith- 
ecus." 

The  same  author,^"^  in  an  exceedingly  interesting  description 
of  the  higher  apes,  says  "  Mr.  A.  R.  Wallace  once  called  attention 
to  the  similarity  in  color  existing  between  the  orang  and  chimpan- 
zee and  the  human  natives  of  their  respective  countries.  It  would, 
indeed,  seem  as  if  but  half  the  truth  had  been  told,  and  that  the 
comparison  might  be  carried  also  into  the  region  of  mind  ;  tlie 
quick,  vivacious  chimpanzee  partaking  of  the  mercurial  disposi- 
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tion  of  negro  races,  while  the  apathetic  slow  orang  would  pass  for 
a  disciple  of  the  sullen  fatalism  of  the  Malay." 

Doctor  Brown^os  j^as  also  given  a  description  of  the  grief  mani- 
fested by  a  chimpanzee  on  the  death  of  its  mate.  His  grief  was 
shown  by  tearing  his  hair  or  snatching  at  the  short  hair  on  his 
head.  The  yell  of  rage  was  followed  by  a  cry  the  keeper  had 
never  heard  before,  a  sound  which  might  be  represented  by  hah- 
ah-ah-ah-ah  uttered  somewhat  under  the  breath,  and  with  a  plaint- 
ive sound  like  a  moan. 

Mr.  W.  F.  Hornaday  ^^^  read  at  the  Saratoga  meeting  of  this 
Association  an  exceedingly  interesting  paper  on  the  "  Habits  of  the 
Orang  "  as  observed  by  him  in  its  native  forests.  He  says  "  Each 
individual  of  the  Borneo  orangs  differs  from  his  fellows  and  has 
as  many  facial  peculiarities  belonging  to  himself  alone  as  can  be 
found  in  the  individuals  of  any  unmixed  race  of  human  beings." 
After  recounting  the  many  traits  of  the  orang,  heretofore  regarded 
as  peculiar  to  man,  he  says,  "  let  any  one  who  is  prejudiced  against 
Darwinian  views,  go  to  the  forests  of  Borneo.  Let  him  there 
watch  from  day  to  day  this  strangely  human  form  in  all  its  vari- 
ous phases  of  existence.  Let  him  see  it  climb,  walk,  build  its 
nest,  eat  and  drink  and  fight  like  human  '  roughs.'  Let  him  see 
the  female  suckle  her  young  and  carry  it  astride  her  hip  precisely 
as  do  the  Coolie  women  of  Hindostan.  Let  him  witness  their 
human-like  emotions  of  affection,  satisfaction,  pain  and  childish 
rage  —  let  him  see  all  this  and  then  he  may  feel  how  much  more 
potent  has  been  the  lesson  than  all  he  has  read  in  pages  of  abstract 
ratiocination." 

Prof.  W.  S.  Barnard  several  years  ago,  in  a  study  of  the  myol- 
ogy of  man  and  apes,  showed  that  the  scansorius  muscle  which 
Trail  studied  in  the  higher  apes  and  which  he  supposed  had  no 
homologue  in  man  was  really  homologous  with  the  Gluteus  mini- 
mus in  man.  Dr.  Henry  C.  Chapman,iio  [^  a  study  of  the  struct- 
ure of  the  orang  outang,  has  confirmed  the  truth  of  Barnard's 
discovery.  Doctor  Chapman  is  led  to  infer  that  the  ancestral  form 
of  man  was  intermediate  in  character,  as  compared  with  living 
anthropoids  or  lower  monkeys,  agreeing  with  them  in  some  re- 
spects and  diflfering  from  them  in  others. 

The  osteological  affinities  which  man  has  with  the  Lemuroi- 
dse,  as  insisted  upon  by  Mivart,  are  also  recognized  by  Cope.^n 
In  a  general  paper  on  the  "  Origin  of  Man  and  Other  Vertebrates" 
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he  sa)'S  "  An  especial  point  of  interest  in  the  phjiogeny  of  man 
has  been  brought  to  light  in  our  North  American  beds.  There  are 
some  things  in  the  structure  of  man  and  his  nearest  relatives,  the 
chimpanzee,  ©rang,  etc.,  that  lead  us  to  suspect  that  they  had 
rather  come  from  some  extinct  type  of  lemurs." 

It  would  seem  as  if  we  must  look  farther  back  than  the  higher 
apes  for  the  converging  lines  of  man's  relations  with  them.  The 
earliest  remains  of  man  or  the  apes  found  fossil,  presenting  as  they 
do  marked  types  with  little  tendency  to  approach  each  other,  would 
in  themselves  suggest  an  earlier  origin  for  both  stocks. 

In  a  paper  b}'  Professor  Cope^^^  on  "  Lemurine  Reversion  in 
Human  Dentition"  he  says,  in  concluding  his  article :  "  It  may  be 
stated  that  the  tritubercular  superior  molars  of  man  constitute  a 
reversion  to  the  dentition  of  the  Lemuridse  of  the  Eocene  Period 
of  the  family  Anaptomorphidse,  and  second,  that  this  reversion  is 
principally  seen  among  Esquimaux  and  the  Slavic,  French  and 
American  branches  of  the  European  race." 

In  another  paper  by  the  same  author  ^^^  on  the  "  Developmental 
Significance  of  Human  Physiognomy,"  he  compares  the  proportions 
of  the  body  and  the  facial  peculiarities  of  man  with  the  higher 
apes  and  human  infants  and  shows  that  the  Indo-European,  on  the 
whole,  stands  higher  than  the  other  races  in  the  acceleration  of 
those  parts  by  which  the  body  is  maintained  in  an  erect  position, 
and  in  the  want  of  prominence  of  the  jaws  and  cheek  bones,  which 
are  associated  with  a  greater  predominance  of  the  cerebral  part  of 
the  skull  and  consequently  greater  intellectual  power. 

Dr.  Harrison  Allen,^!''  in  a  study  of  the  shape  of  the  hind  limb 
as  modified  by  the  weight  of  the  trunk,  dwells  on  the  manner  of 
articulation  in  the  gorilla  of  the  fibula  with  both  calcaneum  and 
the  astragalus,  as  well  as  the  fact  that  the  astragalus  in  that  wenus 
possessed  a  broad  deflected  fibula  facet  and  says  "  This  peculiar 
projection  is  rudimental  in  the  astragalus  of  civilized  man,  but 
was  found  highly  developed  in  an  astragalus  from  an  Indian  grave 
found  at  Cooper's  point.  New  Jersey." 

In  my  Buffalo  address,  I  alluded  to  a  paper  by  Prof.  N.  S.  Shaler 
on  the  intense  selective  action  which  must  have  taken  place  in  the 
shape  and  character  of  the  pelvis  in  man  on  his  assumption  of  the 
erect  posture — thecaudal  vertebrje  turning  inward,  the  lower  portion 
of  the  pelvis  drawing  together  to  hold  the  viscera,  which  had  before 
rested  on  the  elastic  abdominal  walls,  the  attending  dilhculty  of 
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parturition,  etc.  Dr.  S.  V.  Clevenger  ^^^  has  since  called  attention 
to  other  inconveniences  resulting  from  man's  escape  from  his 
quadrumanous  ancestors.  In  a  paper  entitled  "  Disadvantages  of 
the  Upright  Position,"  he  dwells  particularly  on  the  valves  in  the 
veins  to  assist  the  return  of  blood  to  the  heart  which  considered 
from  the  usual  teleological  point  of  view  seems  right  enough  ; 
but  why,  he  asks,  should  man  have  valves  in  the  intercostal  veins  ? 
He  shows  that  in  a  recumbent  position  these  valves  are  an  actual 
•detriment  to  the  flow  of  blood  :  "  An  apparent  anomaly  exists  in 
the  absence  of  valves  from  parts  where  they  are  most  needed,  such 
as  the  vense  cavse,  spinal,  iliac,  haemorrhoidal  and  portal.  The  azy- 
gos  veins  have  imperfect  valves.  Place  man  upon  'all  fours  '  and 
the  law  governing  the  pi'esence  and  absence  of  valves  is  at  once 
apparent,  applicable,  so  far  as  I  have  been  able  to  ascertain,  to  all 
quadrupedal  and  quadrumanous  animals.  Dorsad  veins  are  valved  ; 
cephalad,  ventrad  and  caudad  veins  have  no  valves."  By  means  of 
two  simple  diagrams  he  shows  clearly  the  distribution  of  valved 
and  unvalved  veins  as  they  exist  in  mammals,  and  why  in  man  the 
same  arrangement  becomes  detrimental.  He  dwells  on  the  number 
of  lives  that  are  sacrificed  every  year  by  the  absence  of  valves  in 
the  haemorrhoidal  veins.  He  also  mentions  other  disadvantages  in 
the  upright  attitude,  as  seen  in  the  position  of  the  femoral  artery, 
even  with  man's  ability  to  protect  it.  Its  exposed  condition  is  a 
dangerous  element.  Inguinal  hernia  of  rare  occurrence  in  mam- 
mals occurs  very  often  in  man  ;  at  least  twenty  per  cent  being  af- 
fected. Strangulated  hernia  also  causes  many  deaths.  Prolapsus 
uteri  and  other  troubles  and  diseases  are  referred  to  by  Doctor 
Clevenger  as  due  to  the  upright  position.  In  other  words  the  penal- 
ties of  original  sin  are  in  fact  the  penalties  resulting  from  man's 
assumption  of  the  erect  posture. 

In  another  paper  by  the  same  aathor,^!^  q^x  the  "  Origin  and 
Descent  of  the  Human  Brain,"  he  gives  an  interesting  sketch  of 
the  phylogenesis  of  the  spinal  cord  to  its  ultimate  culmination  in 
the  development  of  the  brain  of  man.  He  says  that  the  most 
general  interest  centres  in  the  large  mass  of  cells  and  nerve  fibres 
called  the  cerebrum.  "  In  the  Ornithorhynchus,  it  is  smooth 
and  simple  in  form,  but  the  beaver  also  has  an  unconvoluted  brain 
which  shows  at  once  the  folly  of  attaching  psychological  impor- 
tance to  the  number  and  intricacy  of  folds  in  animal  brains.  With 
phrenology,  which  finds  bibativeness  in  the  mastoid  process  of  the 
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temporal  bone  and  amativeness  in  the  occipital  ridge,  the  convo- 
lutional  controversies  mnst  die  out,  as  has  the  so-called  science 
of  palmistry,  which  reads  one's  fate  and  fortune  in  the  skin-folds 
of  the  hand." 

Prof.  Alexander  Graham  Bell  ^i'  has  presented  a  memoir  to  the 
National  Academy  on  the  "  Formation  of  a  Deaf  Variety  of  the 
Human  Race"  in  which  he  shows  by  tables  a  series  of  generations 
of  certain  families  in  which  the  progenitors  being  deaf  mutes  this 
peculiarity  becomes  perpetuated  in  many  of  the  descendants. 
Recognizing  fully  the  laws  of  heredity,  natural  seTection,  etc.,  he 
shows  that  the  establishment  of  deaf-mute  schools,  in  which  a  vis- 
ual language  is  taught  which  the  pupils  alone  understand  tends  to 
bring  them  into  close  association  with  each  other ;  and,  that  natu- 
rally with  this  seclusion,  acquaintance  ripens  into  friendship  and 
love  and  that  statistics  show  that  there  is  now  in  process  of  being 
built  up  a  deaf  variety  of  man. 

Dr.  W.  K.  Brooks,!  18  animated  by  the  cogency  of  Professor 
Bell's  reasoning,  is  led  to  prepare  an  article  entitled  "  Can  Man  be 
Modified  by  Selection  ?  "  In  this  paper  he  discusses  the  startling 
proposition  of  Professor  Bell  and  recognizes  the  convincing  proof 
which  he  furnishes  to  show  that  the  law  of  selection  does  place 
within  our  reach  a  powerful  influence  for  the  improvement  of  our 
race.  The  striking  character  of  the  tables  of  facts  presented  by 
Professor  Bell  and  the  significant  suggestions  of  Doctor  Brooks 
lead  one  to  consider  how  far  the  influence  of  selection  has  had  to 
do  with  the  character  of  great  communities,  as  to  their  intelli- 
gence or  ignorance.  When  we  see  nations  of  the  same  great  race 
stock,  one  showing  a  high  percentage  of  illiterates,  a  high  death 
rate,  degradation  and  ignorance,  while  just  across  the  borders  an- 
other nation,  apparently  no  better  off  so  far  as  physical  environ- 
ments are  concerned,  with  percentage  of  illiterates  and  death  rate 
low,  intelligent  and  cleanly,  we  are  led  to  inquire  if  here  a  strict  sci- 
entific scrutiny  with  careful  historical  investigation  will  not  reveal 
the  cause  of  these  conditions.  Can  it  be  proved  beyond  question 
that  the  illiteracy  and  degradation  of  Italy  and  Spain  up  to  within 
recent  years,  at  least,  are  the  result  of  centuries  of  church  oppres- 
sion and  the  Inquisition,  destroying  at  once,  or  driving  out  of  the 
land  all  independent  thinkers  and  at  the  same  time  forcing  her 
priests  to  lead  celibate  lives  and  inducing  others  of  cultivated  and 
gentle  minds  to  lead  cloister  lives?    Is  it  also  a  fact,  as  Alphonse 
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de  Candolle  asserts,  that  by  far  the  greater  number  of  distin- 
guished scientists  have  come  from  Protestant  pastors?  He  gives 
a  significant  list  of  eminent  men  whose  fathers  were  Protestant 
pastors  saying  that  had  they  been  priests  of  another  religion  lead- 
ing celibate  lives  these  men  would  not  have  been  born. 

It  is  considered  an  intrusion  into  matters  which  do  not  concern 
science  when  such  inquiries  are  made,  but  the  scientist  has  very 
deeply  at  heart  the  intellectual  and  moral  welfare  of  the  commun- 
ity. If  the  cause  of  degradation  and  ignorance,  of  poverty,  of  con- 
tagious disease,  or  of  any  of  the  miseries  which  make  a  nation 
wretched  can  be  pointed  out  by  scientific  methods,  then  it  is  the 
stern  duty  of  science  to  step  in  and  at  least  show  the  reasons,  even 
if  the  remedy  is  not  at  once  forthcoming.  The  men  who  would  be 
reformers  and  agitators  and  who  by  their  earnestness  and  devotion 
get  the  attention  of  multitudes  are  unfit  for  their  work  if  they 
show  their  ignorance,  as  most  of  them  do,  of  the  doctrines  of  nat- 
ural selection  and  derivation. 

Dr.  C.  S.  Minot  ^^^  read  a  paper  before  the  Cincinnati  meeting 
of  this  Association  suggesting  a  rather  startling  proposition  as  to 
whether  man  is  the  highest  animal,  which  led  Dr.  W.  N.  Lock- 
ington  120  to  reply  in  a  very  able  article  entitled  "  Man's  Place  in 
Nature." 

The  great  problem  of  food  supply  has  led  to  legislative  enact- 
ments for  the  purposes  of  regulating  the  trapping  and  netting  of 
game  and  fish.  State  and  government  grants  have  been  made  for 
fish  commissions ;  but  unless  the  public  are  clearly  educated  in 
the  rudiments  of  zoological  science  and  the  principles  of  natural 
selection,  appropriations  will  come  tardily  and  in  limited  amounts. 
Dr.  W.  K.  Brooks,  ^^i  in  his  report  to  the  State  of  Maryland  as 
one  of  the  oyster  commissioners,  after  showing  the  absurd  way 
in  which  the  problem  of  oyster  protection  has  been  dealt  with  and 
strenuously  urging  the  necessity  of  oyster  culture,  calls  attention  to 
the  fact  that  "  civilized  races  have  long  recognized  the  fact  that  the 
true  remedy  is  not  to  limit  the  demand,  but  rather  to  increase  the 
supply  of  food,  by  rearing  domestic  sheep  and  cattle  and  poultry 
in  place  of  wild  deer  and  buffaloes  and  turkeys,  and  by  cultivat- 
ing the  ground  instead  of  searching  for  the  natural  fruits  and  seeds 
of  the  forests  and  swamps." 

Mr.  Ernest  Ingersoll,^^^  author  of  the  "  Report  on  the  Oyster 
Industry,"  10th  U.  S.  Census,  has,  in  an  address  before  the  Geo- 
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graphical  Society  of  New  York,  a  striking  sketch  of  the  effect  of 
tiie  white  man  on  the  wild  animals  of  North  America,  showing 
that  had  the  Indians  remained  in  possession,  little,  if  any,  change 
would  have  taken  place.  The  Indian,  like  the  predaceous  animals, 
hunts  onl}'  for  food  and  shows  even  in  this  habit,  a  wholesome  self- 
restraint,  never  killing  wantonl3^  He  called  attention  to  the  sur- 
vival of  a  number  of  small  birds  about  the  dwellings  of  man  as  the 
result  of  favorable  conditions,  such  as  a  constant  supply  of  food,  etc. 
He  shows  that  the  contact  of  man  in  the  main  has  been  disastrous. 
His  remarks  on  the  oyster  are  timely ;  he  shows  its  extermination 
along  the  coast  by  man's  agency.  "Hardly  more  than  a  century 
has  elapsed  since  men  believed  that  the  oyster  beds  of  New  York 
were  inexhaustible  and  that  a  small  measure  of  legal  protection, 
feebly  maintained,  was  quite  enough  to  sustain  them  against  any 
chance  of  decay.  So  they  thought  in  Massachusetts,  where  the 
oysters  have  not  only  disappeared  but  have  been  forgotten.  So 
they  think  now  in  Maryland  and  Virginia,  where  their  fond  expec- 
tations are  destined  to  equal  downfall." 

Prof.  William  H.  Brewer,'23  in  a  paper  on  the  "  Evolution  of  the 
American  Trotting-Horse,"  shows  that  the  trotter  is  an  American 
product  and  that  it  is  still  in  process  of  evolution.  He  gives  a 
column  of  figures  to  show  the  speed  that  has  been  attained  in  this 
new  form  of  motion,  from  a  speed  of  three  minutes  in  1818  down 
to  two,  ten  and  a  quarter  minutes  in  1881.  The  materials  for  a 
curve  is  offered  to  mathematicians,  and  Prof.  Francis  E.  Niplierj^^"* 
in  a  mathematical  article  on  the  subject,  shows  that  a  definite  time 
of  ninety-one  seconds  will  ultimately  be  attained  by  the  American 
trotter.  Mr.  W.  H.  Pickering, ^'^^  however,  urges  some  objections 
to  the  deductions  of  Professor  Nipher. 

In  drawing  to  a  close  this  very  imperfect  summar}'  of  what 
American  zoologists  have  accomplished  for  evolution  many  other 
distinguished  contributors  might  have  been  mentioned.  The  work 
of  eminent  physiologists  and  paleontologists  has  hardly  been  con- 
sidered, nor  has  the  long  array  of  botanical  facts  for  Darwin  as 
revealed  in  the  fascinating  study  of  the  relations  which  exist 
between  flowering  plants  and  insects,  contrivances  for  cross  fertil- 
ization, means  of  plant  dispersion,  etc.,  and  the  distinguished  bot- 
anists connected  with  this  work,  received  attention  here.  Indeed 
the  proper  limits  for  an  address  of  this  nature  have  been  far  ex- 
ceeded. 
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Suffice  it  to  say  that  all  these  students  have  worked  from  the 
standpoint  of  Derivative  doctrines.  A  still  greater  triumph  to 
Darwinism  are  the  evidences  of  gradual  conversion  still  going  on 
among  a  few  isolated  workers  who  still  remain  stubborn,  yet  yield- 
ing to  the  pressure  of  these  views  by  admitting  features  that  ten 
years  ago  they  repudiated. 

There  are  two  points  to  be  emphasized  here  in  closing,  and  one 
is  that  American  biological  science  stands  as  a  unit  for  evolution, 
and  the  other  is,  the  establishment  of  a  great  generalization  which 
shows  that  when  intelligence  became  a  factor  in  animals  it  was 
seized  upon  to  the  relative  exclusion  of  other  characteristics.  This 
generalization  offers  an  unassailable  argument  to-day  for  a  wider, 
broader  and  deeper  education  for  the  masses.  The  untold  misery 
and  suffering  of  the  working  classes  as  witnessed  in  their  struggles 
of  the  last  two  years  would  have  been  avoided  had  the  rudiments 
of  social  science — even  a  knowledge  of  the  value  and  significauce  of 
simple  statistics,  been  appreciated  by  them. 

The  startling  paper  of  Dr.  Seaman  ^^e  on  the  "  Social  Waste  of  a 
great  City"  shows  the  blundering,  criminal  way  in  which  munic- 
ipalities are  controlled  by  coteries  ignorant  alike  of  Science  and 
the  beneficent  mission  she  stands  waiting  to  enter  upon. 


[Within  ten  years  a  number  of  general  works  on  Evolution  have  ap- 
peared, the  most  important  of  which  have  been  the  "Law  of  Heredity"  by 
Dr.  W.  K.  Broolss,  to  which  allusioH  has  already  been  made,  and  the  "Ori- 
gin of  the  Fittest"  by  Prof.  E.  D.  Cope,  in  which  are  brought  together  the 
various  papers,  memoirs,  addresses,  etc.,  of  the  author  which  have  ap- 
peared from  time  to  time  in  scientific  journals  and  magazines.  Nearly  all 
the  addresses  read,  within  the  past  ten  years,  before  this  association  by 
tbe  presiding  officers  who  were  zoologists  have  been  imbued  with  Dar- 
winism and  Derivation.  The  titles  of  the  general  articles  which  have  ' 
appeared  on  evolution  would  fill  a  large  catalogue. 

The  general  addresses  on  the  subject  are  legion.  Indeed,  as  the  revered 
botanist  Asa  Gray  has  well  remarked,  "  Dante  literature  and  Shakespeare 
literature  have  been  the  growth  of  centuries  but  Darwinism  filled  teeming 
catalogues  during  the  life-time  of  the  author." 

While  no  reference  can  be  made  to  these  various  publications,  allusions 
must  be  made  to  the  Darwin  Memorial  meeting  of  the  Biological  Society 
of  Washington  as  containing  a  most  appreciative  r6sum6  of  the  labors  of 
the  great  naturalist.  A  perusal  of  the  addresses  on  that  occasion  brings 
to  mind  very  vividly  the  comprehensive  scope  of  the  work  of  this  great 
man.    The  Introductory  by  Prof.  Theodore  Gill  is  a  strong  sketch  of  the 
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wonderful  rerolntion  wrought  in  the  methods  and  convictions  of  natural- 
ists by  the  doctrines  of  Darwin.  Of  great  interest  and  value  also  are  the 
succeeding  addresses  read  at  that  meeting,  which  were  a  "Biographical 
Sketch"  by  Dr.  William  H.  Dall,  "The  Philosophic  Bearings  of  Darwin- 
ism" by  Major  John  W.  Powell,  "Darwin's  Coral  Island  Studies"  by  Mr. 
Richard  Rathbun,  "Darwin's  Investigations  on  the  Relation  of  Plants  and 
Insects"  by  Prof.  Charles  V.  Riley,  "Darwin  as  a  Botanist"  by  Mr.  Lester 
F.  Ward,  "Darwin  on  Emotional  Expression"  by  Mr.  Frank  Baker,  clos- 
ing with  "A  Darwinian  Bibliography"  by  Mr.  Frederick  W.  True. 
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37.  Proc.  A.  A.  A.  S.,  Vol.  xxxii,  p.  323. 

38.  Am.  Nat.,  Vol.  XVII, p.  486. 

39.  Bull.  U.  S.  Geol.  Sur.  Terr. 

40.  Bull.  Nutt.  Ornith.  Club,  Vol.  i,  p.  74. 

41.  "        "  "        "        "      I,  p.  81. 

42.  "        "  "        "        "      II,  p.  58. 

43.  Bull.  U.  S.  Geol.  Sur.  Terr.,  Vol.  iii,  No.  3,  p.  635. 

44.  Mem.  B.  S.  N.  H.,  Vol.  ir.  Part  iv. 

45.  Am.  Nat.,  Vol.  xi,  p.  607. 

46.  Proc.  Phila.  Acad.  Nat.  Sci.,  1877,  p.  26. 

47.  Am.  Nat.,  Vol.  x,  p.  321. 

48.  Proc.  Cal.  Acad.  Nat.  Sci. 

49.  "        "        "        "      "        Vol.  I.,  No.  4,  p.  235. 
60.  Am.  Nat.,  Vol.  xiv,  p.  51. 

51.       "        "         «'     XVI,  p.  581. 

62.  Bull.  Mus.  Comp.  Zool.,  Vol.  xii,  No.  6,  p.  183. 

63.  Proc.  A.  A.  A.  S.,  Vol.  xxix,  p.  557. 

64.  Am.  Nat.,  Vol.  xii,  p.  157. 

65.  "      "        "    XI,  p.  603. 

66.  Proc.  Phila.  Acad.  Nat.  Sci.,  1878,  p.  45. 

67.  Am.  Nat.,  Vol.  xvi,  p.  441.  Also  Proc.  A.  A.  A.  S.,  Vol.  xxix,  p.  527 

68.  "        '«        "     "        p.  454. 

69.  Pop.  Sci.  Mod.,  Vol.  xxvii,  p.  605. 

60.  Am.  Nat.  Vol.  xx,  p.  611. 

61.  "        "        "    XVI,  p.  711. 

62.  Am.  Jour.  Sci.  &  Arts,  Vol.  xx,  p.  456. 

63.  Bull.  U.  S.  Geol.  Sur.  Terr.,  Vol.  iii.  No.  3. 

64.  Jour.  Gin.  Soc.  Nat.  Hist.,  Vol.  m,  p.  357,  and  Vol.  iv,  p.  156. 

65.  Am.  Nat.,  Vol.  xvii,  p.  389. 

66.  '•        "        "  xvi,  p.  1. 

67.  Science,  Vol.  in,  p.  587. 

68.  Am.  Nat.,  Vol.  xix,  p.  877. 
69. 

70.  Am.  Nat.,  Vol.  xvii,  p.  932. 

71.  Am.  Jour.  Sci.  &  Arts,  Vol.  xxiii,  p.  40. 

72.  Pop.  Sci.  Mon.,  Vol.  xxii,  pp.  195,  364. 

73.  Am.  Jour.  Sci.  &  Arts,  Vol.  xiv,  p.  99. 

74.  "        "        "  "        «'  XXIX,  p.  173. 

75.  Am.  Nat.,  Vol.  xv,  p.  312. 

76.  Nat.  Acad.  Sci.,  1876. 

77.  Amer.  Jour.  Sci.  and  Arts. 

78.  Am.  Nat.,  Vol.  xxi,  p.  546. 

79.  Science,  Vol.  i,  p.  303. 

80.  Am.  Nat.,  xvii,  p.  407. 

81.  Wheeler's  U.  S.  Geog.  Sur.,  Vol.  xv,  pt.  ii,  p.  182. 

82.  Proc.  A.  A.  A.  S.,  Vol.  xxxi,  p.  477. 
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83.  Proc.  A.  A.  A.  S.,  Vol.  xxxiii,  p.  471. 

84.  Proc.  PhP.a.  Acad.  Nat.  Sci.,  1881,  p.  468. 

85.  Science,  Vol.  ix,  p.  114. 

86.  Am.  Jour.  Sci.  and  Arts,  Vol.  27,  p.  161. 

87.  Proc.  Am.  Phil.  Soc,  1878,  p.  516. 

88.  Mem.  B.  S.  N.  H.,  Vol.  iv,  No.  1. 

89.  Am.  Nat.,  Vol.  xix,  p.  1172. 

90.  Am.  Jour.  Sci.  and  Arts,  Vol.  22,  p.  338. 

91.  Proc.  B.  S.  N.  H.,  Vol.  xxi,  p.  301. 

92.  Anniversary  Mem.  B.  S.  N.  H.,  1880. 

93.  Am.  Jour.  Sci.  and  Arts,  Vol.  28,  p.  161. 

94.  "        "        "      "        "        '•  19,  p  395. 

95.  Proc.  Am.  Acad.  Arts  and  Sci.,  Vol.  xiii,  p.  117. 

96.  Am.  Nat.,  Vol.  xix,  p.  90. 

9ea.  Trans.  Conn.  Acad.  Arts  and  Sci.,  Vol.  in,  p.  281. 

97.  "  "  "        "       "      "        "    XIV,  p.  96. 

98.  Proc.  B.  S.  N.  H.,  Vol.  xxn,  p.  178. 

99.  Am.  Nat.,  Vol.  xii,  p.  579. 

100.  Proc.  B.  S.  N.  H.,  Vol.  xxiii,  p.  45. 

101.  Science,  Vol.  i,  p.  273. 

102.  "  "     III,  p.  513. 

103.  Studies  from  Biol.  Lab.,  Johns  Hopkins  Univ.,  Vol.  iir,  No.  i. 

104.  Proc.  A.  A.  A.  S.,  Vol.  xxv,  p.  177,  also  Am.  Nat.,  Vol.  xi,  p.  144. 

105.  Am.  Nat.,  Vol.  xin,  p.  12. 

106.  "       "  "      XII,  p.  225. 

107.  ««      "  "      XVII,  p.  119. 

108.  "       '♦  "      XIII,  p.  173. 

109.  «'      "  "      XIII,  p.  712. 

110.  Proc.  Phila.  Acad.  Nat.  Sci.,  1880,  p.  163. 

111.  Pop.  Sci.  Mon.,  Vol.  xxvii,  p.  609. 

112.  Am.  Nat.,  Vol.  XX,  p.  941. 

113.  "        '«        "    XVII,  p.  618. 

114.  Proc.  Phila.  Acad.  Nat.  Sci.,  1885,  p.  383. 

115.  Am.  Nat.,  Vol.  xviii,  p.  1. 

116.  "        "        "    XV,  p.  513. 

117.  Mem.  Nat.  Acad.  Sci.,  Vol.  ii,  4th  mem. 

118.  Pop.  Sci.  Mon.,  Vol.  xxvii,  p.  15. 

119.  Proc.  A.  A.  A.  S.,  Vol.  xxx,  p.  240. 

120.  Am.  Nat.,  Vol.  xvii,  p.  1003. 

121.  Rept.  Oyster  Com.  Maryland,  1884,  p.  31. 

122.  Bull.  Am.  Geog.  Soc,  1885,  No.  I. 

128.  Am.  Jour.  Sci.  and  Arts,  Vol.  xxv,  p.  299. 

124.  St.  Louis  Acad.  Sci.,  May  7,  1883;  also  Am.  Jour.  Sci.  and  Arts, 

Vol.  26,  p.  20. 

125.  Am.  Jour.  Sci.  and  Arts,  Vol.  xxvi,  p.  378. 

126.  Science,  Vol.,  viii,  p.  283. 
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Report  of  the  Committee  on  Indexing  Chemical  Literature. 

The  Committee  on  Indexing  Chemical  Literature  respectfully 
presents  to  the  Chemical  Section  its  fifth  annual  report. 

During  the  year  Professor  Charles  E.  Munroe  completed  and 
printed  his  Index  to  the  Literature  of  Explosives,  Part  I,  in  an  oc- 
tavo pamphlet  of  forty-two  pages.  Part  I  embraces  the  bibliog- 
raphy of  the  subject  as  found  in  the  following  complete  sets  of 
periodicals : 

Journal  Royal  United  Service  Institution,  1857-1885,  28  vols. 

American  Journal  of  Science,  1819-1886,  130  vols. 

Philosophical  Transactions  (Royal  Society),  1665-1882,  173 
vols. 

Revue  d'  artillerie,  1873-1884,  25  vols. 

Proceedings  U.  S.  Naval  Institute,  1874-1885,  11  vols. 

H.  M.  Inspector  of  Explosives  (Reports),  1871-1885,  75  num- 
bers, making  in  all  no  less  than  442  volumes,  which  have  been  ex- 
amined and  indexed.  In  Part  II,  the  author  intends  to  continue 
with  additional  periodicals,  and  finally  to  give  a  subject  and  an 
author-index  to  the  whole. 

Dr.  H.  Carrington  Bolton  has  published  two  brief  bibliograph- 
ical helps  for  chemists  ;  the  titles  of  which  will  be  found  in  the  list 
©f  Indexes  at  the  close  of  this  report. 

Mr.  A.  Tuckerman  of  New  York  has  completed  an  Index  to  the 
Literature  of  the  Spectroscope,  which  will  be  printed  by  the  Smith- 
sonian Institution. 

Though  of  local  interest  only,  we  mention  in  this  connection  a 
useful  check-list  of  scientific  journals  published  by  a  member  of 
the  Association.  Mr.  Clement  \V.  Andrews  has  compiled  a  "List 
of  the  Scientific  Periodicals  in  the  Libraries  of  the  various  depart- 
ments of  the  Massachusetts  Institute  of  Technology  [Boston], 
April,  1887."  This  list  contains  two  hundred  and  forty-seven  titles 
arranged  alphabetically  by  the  first  word,  with  the  exception  of 
Official  Reports.     In  connection  with  each  title,  indications  are 
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given  of  the  particular  departments  of  the  Institute,  nine  in  num- 
ber, in  which  the  periodical  may  be  found. 

Reports  of  progress  have  been  received  from  the  following  gen- 
tlemen, on  the  indexes  named  : 

Professor  F.  W.  Clarke,  Specific  Gravity  Tables. 

Professor  W.  H.  Seaman,  American  Chemical  Patents. 

Mr.  George  F.  Kunz,  Gems  and  Precious  Stones. 

Mr.  Clement  W.  Andrews,  Milk  Analysis. 

Dr.  F.  E.  Engelhardt,  Common  Salt. 
•    Dr.  L.  P.  Kinnicutt,  Meteorites. 

Prof.  Erastus  G.  Smith,  Aluminium. 

Mr.  William  Beer,  Bibliography  of  Scientific  Bibliographies. 

The  late  lamented  Professor  Wm.  Ripley  Nichols  left  his  Index 
to  the  Literature  of  Carbon  Monoxide  unpublished,  yet  so  well 
advanced  as  to  permit  its  extension  and  completion  ;  this  has  been 
undertaken  by  Mr.  Augustus  H.  Gill  of  the  Massachusetts  Insti- 
tute of  Technology. 

Offers  of  voluntary  cooperation  have  been  received  from  two 
chemists  :  Dr.  Frank  W.  Traphagen,  of  Staunton,  Va.,  has  under- 
taken to  compile  an  Index  to  the  Literature  of  Bromine,  and  Mr. 
A.  P.  Bjerregaard  of  the  Astor  Library,  New  York,  has  begun 
work  on  an  Index  to  the  Literature  of  Chromium,  both  subjects 
having  been  suggested  by  the  Committee. 

As  stated  in  an  earlier  report  the  Committee  deems  it  advisable 
to  note  important  bibliographical  undertakings  which  come  under 
its  observation.  Attention  is  called  to  the  extensive  Index  to  Me- 
teorological Literature  now  preparing  by  Mr.  C.  J.  Sawyer  of  the 
Signal  Office,  War  Department.  It  is  a  classified  index  contain- 
ing about  50,000  titles  on  meteorology  and  terrestrial  magnetism 
including  separate  works,  memoirs  and  published  observations. 
It  will  be  accompanied  by  a  full  author-index.  The  date  of  pub- 
lication of  the  manuscript  will  depend  on  congressional  action. 

When  committees  for  the  preparation  of  indexes  and  bibliogra- 
phies of  special  topics  are  appointed  by  both  the  American  and 
the  British  Associations  for  the  Advancement  of  Science,  it  is  emi- 
nently desirable  that  they  should  cooperate  as  far  as  practicable. 
A  beginning  has  already  been  made  in  the  direction  of  an  Interna- 
tional Committee  by  the  appointment  of  one  of  the  members  of  our 
Committee  (Prof.  Leeds)  to  serve  on  the  Committee  of  the  British 
Association  for  indexing  the  literature  of  Solution.     The  circulars 
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issued  for  the  members  contain  a  sclieme  of  classification  and  a 
list  of  the  periodicals,  thirty-one  in  number,  which  it  is  proposed  to 
index.  The  project  also  calls  for  original  work.  Those  desiring 
further  information  should  address  W.  W.  S.  Nicol,  the  Secretary, 
at  the  ^lason  Science  College,  Birmingham. 

Members  of  the  Chemical  Section  who  attended  the  Buffalo 
meeting  will  remember  that  one  of  the  Committee  discussed  in  a 
brief  article  the  desirability  of  greater  uniformity  in  the  abbrevia- 
tions of  Journal  titles  and  suggested  the  formation  of  a  Standard 
List  for  chemistry. 

The  proposition  was  favorably  received  by  the  Section  and  the 
Committee,  reinforced  by  Prof.  C.  K.  Wead  and  Mr.  S.  H.  Scudder, 
has  devoted  much  thought  and  time  to  the  preparation  of  such  a 
list.  During  the  progress  of  tlie  work  the  Committee  was  favored 
with  suggestions  from  Mr.  Clement  W.  Andrews  of  the  Massachu- 
setts Institute  of  Technology  and  from  Prof.  William  Frear  of 
Pennsylvania  State  College.  Both  of  these  gentlemen  kindly  drew 
up  lists  of  abbreviations  for  the  use  of  the  Committee.  The  Com- 
mittee does  not  think  it  necessary  in  this  place  to  detail  the  many 
difficulties  encountered,  but  present  to  the  Section  a  succinct 
statement  of  the  principles,  by  which  it  was  governed  in  preparing 
the  Standard  List. 

PRINCIPLES    FOR   ABBREVIATION    OF    TITLES. 

1.  Follow  established  usages  when  possible. 

2.  While  seeking  brevity  avoid  obscurity. 

3.  Brevity  and  perspicuity  are  not  to  be  sacrificed  to  consist- 
ency. 

4.  Follow  the  rules  1,  3,  and  4  as  laid  down  by  Dr.  J.  S.  Bil- 
lings, viz. : — "(1)  Follow  the  exact  order  of  words  of  the  title. 
(3)  Follow  the  orthographical  usages  of  each  language  ;  this  rule 
disposes  of  capitalization.  (4)  Attain  uniformity  as  far  as  possi- 
ble." 

5.  If  possible,  indicate  languages  of  titles  by  use  of  articles  and 
conjunctions,  or  by  spelling. 

6.  When  necessary  to  differentiate  add  names  of  editors  or 
places  of  publication. 

7.  Abbreviations  should  be  intelligible  without  a  key. 

8.  Optional  words  are  placed  in  parentheses. 
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9.  Obscure  journals  require  fuller  abbreviations  than  those  fre- 
quently cited. 

These  principles  were  adopted  after  personal  conference  and 
correspondence,  by  a  majority  of  the  Committee ;  Dr.  Alexis  A. 
Julien,  however,  though  welcoming  this  provisional  list,  expressed 
the  wish  for  briefer  abbreviations,  and  at  his  request  we  insert  a 
summary  of  his  views. 

Dr.  Julien  thinks  further  contraction  of  the  abbreviations  desir- 
able, chiefly  by  omission  of  vowels,  even  if  established  usages  are 
sometimes  abandoned.  He  thinks  that  consonants  indicating 
roots  philological ly  are  in  many  cases  sufficient ;  such  as  Orn.  for 
Giorn.,  etc. ;  he  favors  the  following  Ch.  for  Chem.  and  for  CJiim. 
since  the  articles  or  conjunctions  indicate  the  languages.  Where 
the  title  of  a  journal  is  not  readil}'  confounded  with  that  of  any 
other  he  favors  utmost  contraction.  He  thinks  the  Standard  List 
of  Abbreviations  will  be  more  useful  and  more  widely  adopted  if 
the  abbreviations  are  shortened  to  a  greater  degree  than  in  the 
subjoined  list. 

Mr.  S.  H.  Scudder  also  dissents  from  the  views  of  the  majority  of 
the  Committee,  approaching  those  of  Dr.  Julien  but  not  going  so 
far.  He  favors  omission  of  all  articles,  prepositions  and  conjunc- 
tions, and  regards  the  Provisional  List  of  Abbreviations  as  bur- 
densome and  as  supposing  an  unreasonable  lack  of  acquaintance 
with  names  of  Journals.  He  also  somewhat  prefers  adding  place 
of  publication  instead  of  name  of  editor  when  necessary  to  differ- 
entiate, and  would  always  end  abbreviations  (unless  elliptical) 
with  a  consonant.  He  suggested  several  shorter  contractions 
than  those  of  the  manuscript  submitted  to  him,  which  the  Chair- 
man has  ventured  to  incorporate  in  the  Provisional  List. 

The  majority  of  the  Committee  took  a  strongly  conservative  view 
of  the  matter.  They  felt  that  the  abbreviations  should  in  every 
case  suggest  to  one  moderately  familiar  with  chemical  periodical 
literature  the  name  of  the  journal  indicated  ;  they  therefore  avoided 
the  use  of  symbols,  or  single  letter  abbreviations  except  in  the 
sole  instance  of  "  J  "  for  journal  —  already  conventional.  At  the 
same  time  the  abbreviations  in  the  following  list  will  be  found 
briefer  and  more  easily  recognized  than  those  in  the  Catalogue  of 
Scientific  Papers  published  by  the  Royal  Society,  or  in  the  Index- 
Catalogue  of  the  Library  of  the  Surgeon  General's  Office.     Yet  they 
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believe  they  are  full  enough  to  be  used  without  obscurity,  in  such 
Catalogues  as  these,  covering  almost  the  whole  range  of  scientific 
journals. 

The  members  of  the  Committee  do  not  regard  this  report  as  the 
proper  place  to  explain  fully  the  reasons  which  have  led  to  the 
adoption  of  each  of  the  two  hundred  abbreviations  submitted  here- 
with ;  nor  do  they  feel  called  upon  to  defend  their  choice.  But  they 
do  earnestly  desire  that,  before  their  critics  undertake  further  con- 
densation in  certain  cases  that  seem  to  be  needlessly'  extended, 
they  shall  examine  the  titles  of  a  compendious  bibliography  of  sci- 
entific periodicals.  B^'^  so  doing  they  will  perceive  the  necessity 
of  differentiation,  and  that  provision  has  been  made  to  avoid  con- 
founding journals  having  closely  similar  titles. 

The  Committee  also  realizes  that  it  may  often  be  desirable  to 
shorten  a  given  abbreviation  for  special  reasons,  as  for  example  in 
printing  tables,  or  where  a  large  number  of  citations  are  made  from 
a  single  journal.  This  conversion  of  abbreviations  into  "  sj'mbols  " 
must  be  left  to  the  judgment  and  necessities  of  individuals. 

In  presenting  to  the  Section  the  draft  of  a  list  of  abbreviations 
for  their  scrutiny  and  approval  or  disapproval,  the  Committee  de- 
sires it  to  be  distinctlj'  understood  that  the  list  is  a  provisional  one 
and  subject  to  such  amendments  as  the  Section  may  direct.  The 
Committee  respectfully  suggests  that  the  Provisional  List  annexed 
to  this  Report  be  printed  for  use  of  members  of  the  Chemical 
Section  and  that  the  Section  take  no  action  upon  the  list  as  a  whole 
until  the  meeting  of  1888.  In  the  interim  the  Provisional  List  can 
be  subjected  to  the  test  of  usage,  and  improvements  or  amend- 
ments which  suggest  themselves  on  trial  can  be  recorded.  All 
suggestions  will  be  welcomed  by  the  Chairman  of  the  Committee, 
to  whom  they  should  be  addressed. 

Several  years  having  elapsed  since  the  publication  of  a  list  of  the 
indexes  in  print,  the  Committee  deems  it  advisable  to  republish  the 
list  brought  up  to  date,  together  with  memoranda  indicating  where 
the  indexes  can  be  obtained.     Unfortunately  some  are  out  of  print. 

The  Committee  again  thanks  the  Association  and  the  Smithson- 
ian Institution  for  services  which  save  the  Committee  from  incur- 
ring the  expenses  of  printing  and  mailing  reports. 

The  Con)raittee  begs  leave  to  refer  chemists  receiving  this  report 
to  their  oft-announced  appeals  for  voluntary  cooperation  in  the 
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work  which  it  has  in  charge.  Sample  copies  of  Indexes  and  other 
information  can  be  had  by  addressing  the  chairman,  care  of  the 
Smithsonian  Institution. 

H.  Carrington  Bolton,    Chairman. 

F.  W.  Clarke,  (absent  in  Europe), 

Albert  R.  Leeds, 

Alexis  A.  Jdlien, 

John  W.  Langley, 

Samuel  H.  Scudder, 

C.  K.  Wead. 


Appendix  to  report  of  committee  on  indexing  chemical  lit- 
erature. 

[A.]    List  of  Indkxes  to  Chemical  Literature. 

(1)  Uranium,  Index  to  the  Literature  of.  By  H.  Carrington  Bolton. 
Annals  of  the  New  York  Lyceum  of  Natural  History,  Vol.  IX,  February, 
1870.     15  pp.  8vo. 

(2)  Outlines  of  a  Bibliography  of  the  History  of  Chemistry.  By  H.  Car- 
rington Bolton.  Annals  Lyceum  Nat.  Hist.,  Vol.  X,  pp.  352-361.  New 
York,  1873. 

(3)  Manganese,  Index  to  the  Literature  of;  1596-1874.  By  H.  Carring- 
ton Bolton.  Annals  of  the  Lyceum  of  Natural  History,  New  York,  Vol. 
XI,  November,  1875.     44  pp.  8vo. 

(4)  Titanium,  Index  to  the  Literature  of;  1783-1876.  By  Edw.  J.  Hal- 
lock.  Annals  of  the  N.  Y.  Academy  of  Sciences,  Vol.  I,  Nos.  2  and  3, 
1877.     22  pp.  8vo. 

(5)  Vanadium,  Index  to  tlie  Literature  of.  By  G.  Jewett  Kockwell. 
Annals  of  the  N.  Y.  Academy  of  Sciences,  Vol.  I,  No.  5,  1877.  13  pp. 
8vo. 

(6)  Ozone,  Index  to  tlie  Literature  of;  1875-1879.  By  Albert  R.  Leeds. 
Annals  of  the  N.  Y.  Academy  of  Sciences,  Vol.  I,  No.  12,  1880.  32  pp. 
8vo. 

(7)  Peroxide  of  Hydrogen,  The  Literature  of;  1818-1878.  By  Albert  R. 
Leeds.  Annals  of  the  N.  Y.  Academy  of  Sciences,  Vol.  I,  No.  13,  1880. 
11  pp.  8vo. 

(8)  Electrolysis,  Index  to  the  Literature  of ;  1784-1880.  By  W.  Walter 
Webb.  Annals  of  N.  Y.  Academy  of  Sciences,  Vol.  II,  No.  10,  1882. 
40  pp.  8vo. 

(9)  Speed  of  Chemical  Jieactions,  Literature  of.  By  Robert  B.  Warder. 
Proceedings  of  tlie  Am.  Assoc.  Adv.  Science,  Vol.  XXXII,  1883.  3  pp. 
Svo. 

(10)  Starch-sugar,  Bibliography  of.  By  Edw.  J.  Hallock.  Appendix  E 
to  Report  on  Glucose  prepared  by  the  National  Academy  of  Sciences  in 
response  to  a  request  made  by  tlie  Commissioner  of  Internal  Revenue. 
U.  S.  Internal  Revenue,  Washington,  D.  C,  1884.     44  pp.  8vo. 

(11)  Ozone,  ludiix  to  tlie  Literature  of,  1879-1883;  accompanied  by  an 
Historlcal-Critical  R6sum6  of  the  Progress  of  Discovery  since  1879.  By 
Albert  R.  Leeds.  Annals  N.  Y.  Academy  of  Sciences^  Vol.  Ill,  p.  137, 
1884.     16  pp.  8vo. 

(12)  Peroxide  of  Hydrogen,  Index  to  the  Literature  of;  1879-1883.  By 
Albert  R.  Leeds.  Annals  N.  Y.  Academy  of  Sciences,  Vol.  Ill,  p.  153, 
1884.     3  pp.  8vo. 
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(13)  Dictionary  of  the  Action  of  Heat  upon  Certain  Metallic  Salts,  includ- 
ing an  Index  to  the  principal  Literature  upon  the  Subject.  Compiled  and 
arranged  by  J.  W.  Baird,  contributed  by  A.    B.   Prescott.     New  York, 

1884.  70  pp.  8vo. 

(14)  BibliograpMj  of  Petroleum,  by  Prof.  S.  F.  Peckham.  Report  on  the 
Production,  Technology  and  Uses  of  Petroleum  and  its  Products.  Re- 
port of  the  tenth  census  of  the  United  States,  Vol.  X,  188+,  4to;  pp.  281- 
301.  [A  comprehensive  bibliogriiphy  of  Bitumen  and  its  related  subjects.] 

(15)  A  Catalogue  of  Chemical  Periodicals,  by  H.  Carrington  Bolton, 
Annals  N.  Y.  Academy  of  Sciences,  Vol.   Ill,  pp.  159-216.    New  York, 

1885.  8vo.     Also  chemical  News  Print,  London,  1886, 

(16)  Iridium,  Bibliography  of  the  Metal,  by  Nelson  W.  Perry,  in  Prof. 
"W.  L.  Dudley's  paper  on  Iridium  published  in  Mineral  Resources  of  the 
United  States,  calendar  years  1883  and  1884.     Washington,  1885.     8vo. 

(17)  Uranium,  an  Index  to  the  Literature  of;  1789-1885.  By  H.  Car- 
rington Bolton.  Smithsonian  Report  lor  1885.  Washington,  1885.  36  pp. 
8vo. 

(18)  Explosives,  Index  to  the  Literature  of.  Part  I.  By  Charles  E. 
Munroe,  Baltimore,  1886.     42  pp.     8  vo. 

(19)  Supplement  to  a  Catalogue  of  Chemical  Periodicals.  By  H.  Carring- 
ton Bolton.  Annals  N.  Y.  Academy  of  Sciences,  Vol.  IV,  1887.  4  pp. 
8vo. 

(20)  Short  Titles  of  Chemical  Periodicals  current  in  1887.  By  H.  Car- 
rington Bolton.  J.  of  Analytical  Chemistry,  Vol.  I,  Part  I,  1887.  4  pp. 
8vo. 

Note.  Copies  of  1,  3,  9,  13,  15,  16,  17,  18  and  19  can  be  obtained  by  ad- 
dressing the  respective  authors.  Copies  of  2,  4,  6,  6,  7,  8,  11,  12,  can  be 
had  of  Prof.  D.  S.  Martin,  New  York  Academy  of  Sciences.  Copies  of 
10  can  be  had  of  the  Commissioner  of  Internal  Revenue.  Copies  of  14 
can  be  had  of  the  Census  Bureau,  Washington,  D.  C. 


[B].    Provisional  List  of    Abbreviations  of    Titles  of    Chemical 

Journals. 

The  numbers  refer  to  the  Catalogue  of  Chemical  Periodicals  by  H.  Car- 
rington Bolton,  New  York,  1885,  8vo.  Titles  188-196  in  the  Supplement, 
New  York,  1887  [Nos.  15  and  19  of  the  preceding  list]. 


1. 

Afh.  Fys.  Kemi. 

6. 

Aim.  di  chim.  agric. 

2. 

Agenda  chim. 

7. 

Aim.  de  chim. 

3. 

Chem.  Ztg. 

8. 

Aim.  Scheid.  Apoth. 

4. 

AUg.  chem.  Bibl.  (Trommsd.) 

a  Taschenb.  f.  Scheid. 

5. 

AUg.  J.  Chem.  Scherer. 

9. 

Am-  Cliem.  J. 

a  N.  allg.  J.  Chem.  Gehlen. 

10. 

Am.  Chemist. 

6  J.  fiir  Chem.  Gehlen. 

11. 

Am.  Lab. 

c  J.  fiir  Chem.  Schweigger. 

12. 

Analyst. 

d  J.  prakt.  Chem. 

13. 

Ann.  Chem.  (Liebig). 

REPORTS    OF   COMMITTEES. 


53 


14. 

Ann.  chiih.  phys. 

57a 

.  Techn.-chem.  Jahrb. 

15. 

Ann.  di  chiin.  (Brugnatelli) 

68. 

Chem.  Ackersmaun. 

16. 

Ann.  fis.  chim. 

69. 

Chem.  Ann.  Crell. 

17. 

Ann.  Chein.  Med. 

60. 

Chem.  Ind.  (Jacobsen.) 

18. 

Ann.  Chem.  Phil. 

61. 

Chem.  phys.  oefen. 

19. 

[Refer  to  14]. 

62. 

Chem.  Archiv  Crell. 

20. 

Ann.  Chyni.  Pract.  Pharm. 

63. 

Chem.  J.  Crell. 

21. 

Ann.  Pharm.  Bastick. 

64. 

Chera. -pharm.  archief. 

22, 

Ann.  Phil.  (Thomson). 

65. 

Chem.  techn.  Mitthl. 

23. 

Annuaire  prod.  chim. 

66. 

Chem.  techn.  Repert. 

24. 

Annuaire  cliira. 

67. 

Chemist.  Mongredieu. 

26. 

Annuaire  sci.  chim. 

68. 

Chemist.  Watt. 

26. 

Annual  Rep.  Chera. 

69. 

Chera.  and  Drug. 

27. 

Anno.  aim.  pei  chim. 

70. 

Chem.  Advocate. 

28. 

Anno.  chim.  ital. 

71. 

Chem.   and    Meteor.   J.    (Am^ 

29. 

Anno,  scienze  chim.  nat. 

herst.) 

30. 

Anno,  scienze  chim.  farm. 

72. 

Chem.  Desk  Comp. 

81. 

Anti-Adult.  Rev. 

73. 

Chemists'  J. 

82. 

Arch,  der  Agr.-Chem. 

74. 

Chimiste,  Bruxelles. 

83. 

Arch,  for  Pharm.  Trier. 

75. 

Chimiste,  Paris. 

84. 

Arch.  tres.  Naturl. 

76. 

Compt.  rend,  or  C.R. 

85. 

Arch,  fiir  theor.  Chem. 

77. 

C.  R.  chim.  Montpellier. 

36. 

Arch,  thier.  Chem. 

78. 

Crell's  Chem.  J.  Lond. 

37. 

Arsb.  Phys.  Chemi. 

79. 

Dcutscher  Chem.  Kal. 

38. 

Ausw.  Abh.  Chem.  Crell. 

80. 

Edinb.  J.  Sci. 

39. 

Ausw.  Ann.  Chem.  Crell. 

81. 

Forlschr.  techn.  Chem. 

40. 

Beitr.  Chem.  Wasserberg. 

82. 

Fortschr.  theor.  Chera. 

41. 

Beitr.  Min.  Klaproth. 

83. 

Fortschr.  Chem.  Koln. 

42. 

Beitr.  Chem.  Bucholz. 

84. 

Gazz.  chim.  ital. 

43. 

Arch,  ftir  physiol.  Chem. 

85. 

Gazz.    chim.    techn.'    (SembC' 

44. 

Ber.  d.  chem.  Ges.  (^or  Ber.) 

nini). 

45. 

Berl.  Jahrb.  Pharm. 

86. 

Gazz.  farm.  (Sembenini). 

46. 

Bibl.  phys.  Lit.  (Hermbstadt.) 

87. 

Gazz.  farm.  chim.  (Venezia). 

Ann.  Chem.  Lit. 

88. 

Giorn.  fls-chim.  ital. 

47. 

Boston  J.  Chem. 

89. 

Giorn.  chim.  veterin. 

48. 

J.  de  pharm.                    ♦ 

90, 

Giorn.  farm.  chim.  (Gajani). 

49. 

Bull.  math.  chim.  (Ffirussac.) 

91. 

Giorn.  di  farm.  Chiappero. 

50. 

Casopis  chem. 

92. 

Giorn.  di  farm.  Cattaneo. 

51. 

Centrbl.  Agr.-Chem. 

a  Bibl.  di  farm. 

52. 

Chem.  Gaz. 

I 

1>  Ann.  di  farm.  appl.  (Polli). 

Chem.  News. 

93. 

Giorn.  di  fls.  Majocchi. 

53. 

Chem.  News.  Am.  Repr. 

94. 

Giorn.  di  fls.  Brugnatelli. 

54. 

Chem.  Record.  (Lond.) 

95. 

Obs.  sur.  phys. 

55. 

Chem.  Rev.  (Lond.) 

a  J.  de  phys. 

56. 

Am.  Chem.  Rev. 

96. 

Jahrb.  Erflnd. 

67. 

Chem.  Kal. 

97. 

Jahrb.  okon.  Chem. 
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98.  Jsb.  Agr.-chem.  (Ditmer). 

99.  Jsb.  rein.  Chem. 

100.  Jsb.  Agr.  Chem. 

101.  Jsb.  chem.  Techn.  (or  Wagner's 

Jsb.) 

102.  Jsb.  phys.  Wiss.  (^or  Berzelius' 

Jsb.) 

103.  Jsb.  Chem. 

104.  Jsb.  thier  Chem. 

105.  J.  chim.  phys.  Van  Mons. 

106.  J.  chim.  med. 

107.  J.  chim.  Van  Mons. 

108.  J.  der  Pharm.  Trommsd. 

109.  J.  der  Phys.  Gren. 
a  N.  J.  der  Phys.  Gren. 
b  Ann.  der  Phys.  Gren. 
c  Ann.  der  Phys.  Gilbert. 
d  Ann.  der  Phys.  Pogg. 
e  Ann.  der  Phys.  Wied. 
/Beibl.  Ann.  der  Phys. 

110.  J.  Phys.  Krouig. 

111.  J.  techn.  Chem. 

112.  J.  Appl.  Chem. 
11.3.     Nicholson's  J. 

114.  J.  Soc.  Chem.  Ind. 

115.  K.  phys.  chem.  Abh. ' 

116.  Ztschr.  Chem. 

117.  Laboratorium. 

118.  Laboratory,  Boston. 

119.  Laboratory,  Lond. 

120.  Listy  chem. 

121.  Mag.  f.  Apoth.  (Elwert.) 
a  Report,  f.  Chem.  (Elwert.) 

122.  Mag.  hohere  Naturw. 

123.  Mech.  and  Chem. 

124.  M61.  phys.  chim. 

125.  Mem.  prat.  chim. 

126.  Mem.  Columb.  Chem.  Soc. 

127.  Misc.  chim.  fls.  (Pisa.) 

128.  Mitthl.  Chem.  (Kletzinsky). 

129.  Mitthl.  Lab.  Chem.  Briinn. 

130.  Monatsh.  Chem. 

131.  Monit.  prod,  chim, 

132.  Month.  Mag.  Pharm. 

133.  Naturh.  chem.  Notiz. 

134.  Mag.  fiir.  Pharm.  (Geiger.) 


135.  Orosi. 

136.  Penny  Mech. 

137.  Pharm.  Times. 
a  Chem.  Times. 

138.  Pharm.  Centrbl. 
6  Chem.  Centrbl. 

139.  Pharmacist. 

140.  Phil.  Mag. 

141.  Piria. 

142.  Proc.  Am.  Chem.  Soc. 
a  J.  Am.  Chem.  Soc. 

143.  Proc.  Chem.  Soc. 
a  Q.  J.  Chem.  Soc. 
b  J.  Chem.  Soc. 

144.  Raccolta  fls.  chim. 

a  Ann.  lis.  Zantedeschi. 

145.  [Refer  to  37.] 
Recherches  phys. -chim. 
Recueiltrav.  chim. 
R6p.  chim.  Paris. 
Rep.  chim.  pure. 
R6p.  chim.  appl. 
Bull.  Soc.  chim.     (Paris.) 
R6p.  de  pharm.     Bruxelles. 
Rep.  de  pharm.    Paris. 
Rep.  anal.  Chem. 
Rep.  chem.  Pharm.     St.  P. 
Rep.  d.  Pharm.     (Buchner.) 
Rep.  org.  Chem.     (Lowig.) 
Rep.  Pharm.     Russland. 

156.4.  Rev.  hebd.  chim. 

157.  Rev.  Sc.  Quesneville. 

a  Monit.  Sc.  Quesneville. 

158.  Rev.  ind.  chim. 
Revista  chim. 
famml.    Abh.     Chem.    Hoch- 

heimer. 

161.  Scheik.  bibl. 

162.  Scheik.  bijdr. 

163.  Scheik.  onderzoek. 

164.  School  Mines.  Q. 

165.  Taschenb.  Scheik. 

166.  Techn.-chem.   Kal. 

167.  Techn.-chem.  Gewerbebl. 

168.  Techn.-chem.   Jahrb. 

169.  Tekno-kem.  J. 


146 
147 

148 
149 


150. 
151. 
152. 
153. 
154. 
165. 
156. 


159. 
160. 
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170. 
171. 
172. 
173. 
a 
174. 
175. 
176. 
177. 
178. 
179. 
180. 
181. 
182. 
183. 
184. 
185. 
186. 
187. 
188. 


Tidssk.  anv.  Chemi.  189. 

Tidssk.  Phys.  Chemi.  190. 

Tijdsch  wet.  pharm.  i 

Toeg.   scheik.  191. 

Maandbl.  toeg.  scheik.  192. 

N.  Gegenst.  Chem.    (Richter.)193. 


Unters.  Liebig's  Lab. 
Vjschr.  techn.  Chem. 
Yearbook  Pharm. 
Ztschr.  anal.  Chem. 
Ztsclir.  cliem.  Grossgew. 
Ztschr.  physiol.  Chem. 
Zhurnal  Khim. 
Zpravy  Chem. 
Bull,  assoc.  chim.   France. 
Bull.  Chem.  Soc.  Washington, 
Chemiker.  u.  Drogist. 
Chem.-techn.   Centrlanz. 
Deutsche  Chem.-Ztg. 
J.  Anal.  Chem. 


194. 
195. 
196. 


Meddel.  Carlsberg  Lab. 
N.  Y.  Analyst. 
Am.  Analyst. 
Skand.  Kem.  Centrlblad. 
Suppl.  enciclop.  chlm. 
Tokyo  K.  Kaishi. 
Vjschr.  Chem.  Nahr. 
Ztschr.  Chem.  Ind. 
Ztschr.  phys.  Chem. 
Am.  J.  Sci. 
Arch.  sc.  phys. 
Jen.  Ztschr. 
Sitzb.  Akad.  Berlin. 
Sitzb.  Akad.  Wien. 
Phil.  Trans.  Lond. 
Proc.  Roy.  Soc. 
Proc.  Am.  Acad. 
Ann.  N.  Y.  Acad.  Sci. 
Proc.  Acad.  Nat.  Sci.  Phil. 


The  number  of  Society  Transactions  publishing  chemical  papers  is 
very  great,  and  the  list  (added  at  the  suggestion  of  some  members  of  the 
committee)  could  be  greatly  extended. 
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Eeport  of  the  committee  on  anatomical  nomenolatuke,  with  special 
befbbence  to  the  bkain. 


The  Committee  has  had  under  conslderatiou  a  number  of  changes  or 
modifications  of  terms  now  in  general  use.  These  have  been  proposed 
either  with  a  view  to  the  correlation  and  simplification  of  the  already  ex- 
isting nomenclature,  or  for  the  more  accurate  limitation  of  certain  terms. 
An  attempt  was  made  to  formulate  some  general  rules,  especially  for  those 
terms  which  describe  the  relations  of  organs  and  their  aspects  with  regard 
to  the  vertebrate  axis. 

It  was  found,  however,  that,  in  order  to  do  this  successfully,  and  pro- 
duce a  result  worthy  of  the  Association,  it  would  be  necessary  to  include 
in  the  scheme  of  revision  not  only  English  terms,  but  also  those  of  the 
principal  European  languages  :  especially  French,  German  and  Italian,  as 
well  as  the  parent  Latin.  It  is  often  found  that  excellent  terms  for  a 
structure  exist  in  one  of  these  languages  while  objectionable  ones  are  found 
in  the  others.  Any  changes  to  be  recommended  should,  it  is  believed,  be 
such  as  could  readily  be  adopted  in  all. 

That  this  is  a  work  of  considerable  magnitude  will  easily  be  seen.  Any 
partial  scheme  might,  however,  be  found  to  clash  with  the  one  which  the 
Committee  hope  finally  to  fully  mature  and  complete.  For  that  reason  it 
is  thought  best  to  defer  any  particular  recommendations  for  the  present. 

It  is  proposed  to  prepare  a  schedule  of  the  terms  in  actual  living  use  in 
encephalic  nomenclature,  giving  equivalents  in  English,  Latin,  French, 
Italian  and  German,  with  a  general  indication  of  tlie  principal  authorities 
which  use  each.  Thus  may  be  estimated  the  relative  weight  of  authority 
which  each  term  may  have.  From  this  as  a  basis,  recommendations  can 
be  made  as  to  terms  which  should  be  discarded  or  modified ;  and  the  ex- 
act bearing  which  any  new  terms  may  have  upon  those  which  remain 
can  be  noted.  It  is  hoped  in  this  way  to  correlate  the  nomenclature  with- 
out doing  violence  to  it  and  without  introducing  crude  or  unacceptable 
novelties. 

Frank  Baker, 
H.  F.  Osborn. 

Members  of  Committee  present. 
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MATHEMATICS  AND  ASTRONOMY. 


OFFICERS  OF  SECTION  A. 


Vice  President. 
J.  E.  Eastman'  of  Washington. 

Secretary, 
Heney  M.  Paul  of  Washington. 

Member  of  Council. 
Henry  Farquhar  of  Washington. 

Members  of  Sectional  Committee. 

G.  W.  Hough  of  Chicago,       Ormond  Stone  of  Univ.  of  Virginia, 

C.  L.  DooLiTTLE  of  Bethlehem. 

Member  of  Nominating  Committee. 
R.  S.  Woodward  of  Washington. 

Members  of  Sub-committee  on  Nominations. 

C.  H.  Rockwell  of  Tarrytown,         C.  G.  Rockwood  of  Princeton, 

E.  L.  Larkin  of  New  Windsor. 

1  To  fill  vacancy  caused  by  the  absence  of  William  Ferkell. 
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Ox  A  MKTHOD   OF  COMPUTING  THE  SECULAR  CONTRACTION  OF  THE  EARTH. 

By  R.  S.  Woodward,  U.  S.  Geological  Survey,  Washington,  D.  C. 

[ABSTRACT.] 

The  nature  and  difficulties  of  the  problem  are  first  set  forth. 

The  method  is  based  on  four  assumptions,  viz. :  1.  An  initial  uniform 
temperature  for  the  earth's  mass ;  2.  A  constant  coefficient  of  diffusion 
for  that  mass ;  3.  The  sufficiency  of  the  first  approximation  to  the  roots 
of  Fourier's  transcendental  equation;  4.  A  constant  coefficient  of  cu- 
bical contraction.  The  grounds  for  these  assumptions  are  discussed  and 
the  desirability  of  certain  experimental  information  indicated. 

The  main  features  of  the  mathematical  work  are  explained  and  their 
correctness  tested.  The  resulting  expression  for  the  contraction  is  given 
two  principal  forms,  the  one  applicable  to  the  earlier  and  the  other  to  the 
later  stages  of  cooling. 

Some  numerical  results  dependent  on  Sir  Wm.  Thomson's  coefficient  of 
diffusion  are  given. 


A  COMPLETED  NOMENCLATURE  FOR  THE  PRINCIPAL  ROULETTES.      By  PfOf. 

F.  N.  WiLLSoN,  Princeton,  N.  J. 

[ABSTRACT.] 

The  paper  discusses  the  anomalies  of  both  early  and  recent  definitions 
of  trochoidal  curves ;  demonstrates,  kinematically,  the  property  of  double 
generation  of  all  epi-  and  hypo-cycloids  and  trochoids,  establishing  the 
identity  of  curtate  and  prolate  forms ;  shows  the  inadequacy  of  the  exist- 
ing nomenclature  to  suggest  the  mode  of  generation  of  all  curves  of  this 
class,  and  presents  the  following  completed  nomenclature  in  a  tabular 
form  (see  next  page)  suggested  by  that  of  Kennedy,  and  of  which  it  is 
both  a  modification  and  extension.  The  last  three  columns  are  the  new 
and  completing  feature. 

The  demonstrations  above  alluded  to  establish  the  Identity  of  the  curves 
whose  names  are  preceded,  in  the  following  table,  by  the  same  letter. 
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STAXn.vnD    DIMENSIONS    IN  ASTRONOMICAL    AND    PHYSICAL    INSTRUMENTS. 

.  By  J.  A.  Bkasiikak,  Allegheny,  Pa. 

In  a  paper  read  before  the  Franklin  Institute  by  Mr.  George  M.  Bond, 
the  present  secretary  of  Section  I),  tlic  following  words  were  quoted  from 
Mr.  Forney's  report  to  the  Master  Car  Builders'  Association,  on  standard 
bolts  and  nuts  : 

"  It  is  worthy  of  note  that  a  remedy  for  the  evil  complained  of  by  the 
Master  Car  Builders,  that  nuts,  made  by  some  firms,  would  not  screw  on 
bolts  made  by  other  firms,  at  first  baffled  the  ability  of  the  most  prominent 
manufacturers  of  tools  in  the  country,  and  to  provide  an  adequate  remedy 
it  was  necessary  to  secure  the  assistance  of  the  highest  scientific  ability 
in  the  country,  which  was  supplied  through  the  cooperation  of  the  pro- 
fessor of  astronomy  of  the  oldest  and  most  noted  institution  of  learning 
in  the  land.  The  man  of  science  turned  his  attention  from  the  planets  and 
the  measurements  counted  by  millions  of  miles,  to  listen  to  the  impreca- 
tion perhaps  of  the  humble  car  repairer,  lying  on  his  back  and  swearing 
because  a  5-8  nut  a  trifle  small  would  not  screw  on  a  bolt  a  trifie  large." 

"We  all  know  this  professor  of  astronomy  and  the  noble  work  he  has 
done  in  the  way  of  giving  us  standards  of  the  highest  accuracy,  which  in 
turn  have  been  carried  out  into  practical  mechanism  by  some  of  the  hon- 
ored members  of  the  American  Association,  especially  by  Mr.  Bond  of 
the  mechanical  section. 

Paradijxical  as  it  may  seem,  though  the  astronomer  has  furnished  the 
most  accurate  standards  for  the  mechanician,  thus  facilitating  the  con- 
struction of  interchangeable  machinery  all  over  the  world,  the  astronomer 
himself  has  yet  to  put  up  with  an  eye- piece  that  is  just  a  little  too  large 
for  a  sliding  tube  that  is  just  a  little  too  small;  or,  in  other  words,  that 
branch  of  science,  which  has  furnished  the  standard  for  all  other  work,  is 
without  any  standard  for  the  construction  of  its  own  instruments. 

How  many  of  the  parts  of  an  astronomical  or  physical  instrument 
should  be  made  interchangeable,  I  am  not  now  willing  to  say,  but  every 
worker  witli  the  telescope,  spectroscope,  or  other  instrument  for  physical 
research,  will  bear  me  out  in  this  fact :  that  there  is  a  sore  need  of  standard 
dimensions  in  many  of  the  parts  of  our  apparatus.  Indeed,  our  president, 
Professor  Langley,  was  one  of  the  very  first  to  call  my  attention  to  the 
matter,  and  suggested  that  it  would  be  a  very  excellent  plan  for  this  Asso- 
ciation to  appoint  a  committee  to  discuss,  and,  if  possible,  decide  upon 
some  standard  dimensions  of  the  more  important  parts  which  should  at 
the  earliest  date  be  made  interchangeable.  I  might  urge  many  reasons  in 
support  of  standard  dimensions  in  many  of  the  parts  of  our  astronomical 
and  physical  instruments,  but  it  is  not  necessary,  as  the  day  has  passed 
when  we  are  satisfied  with  anything  but  interchangeable  parts  in  modern 
machinery ;  therefore  we  should  not  be  satisfied  with  anything  less  for  our 
astronomical  and  physical  instruments. 

As  an  illustration  of  what  is  needed,  I  have  constructed  four  spectro- 
scopes within  the  past  year  for  six  inch  aperture  telescopes.  The  diame- 
ter of  the  tail  piece  of  these  telescopes  has  varied  from  two  and  one-half 
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inches  to  six  inches,  requiring  a  new  pattern  to  be  made  for  every  clamp 
that  holds  tlie  spectroscope  to  the  telescope. 

We  have  indeed  only  to  look  at  the  great  variety  of  eye-pieces  and  their 
varied  diameters  for  which  we  are  constantly  called  upon  to  make  adapt- 
ers, so  that  they  may  be  used  with  any  degree  of  pleasure,  to  see  how  far 
we  are  from  the  ideal  astronomical  or  physical  instrument.  "We  shall,  in 
all  probability,  have  to  call  to  our  assistance  the  "mandrel  drawn"  tube 
makers  to  give  us  standard  tubes ;  and  perhaps  the  founder  to  give  us  a 
standard  metal,  but  we  should  make  a  move  in  the  matter,  and  every- 
thing will  come  out  right.  These  very  mechanicians,  to  whom  the  astron- 
omer has  furnished  the  data,  have  given  us  standard  reamers,  standard 
gauges,  and  every  facility  for  making  our  own  work  standard,  and  so  we 
are  without  a  subterfuge,  without  a  valid  excuse  for  doing  our  work  in  a 
"  haphazard"  way. 

I  should  hope  that  whatever  parts  of  our  instrument  we  make  of  stand- 
ard dimensions,  that  the  basis  should  be  a  decimal  system,  preferably  the 
metric ;  indeed,  is  it  not  possible  that  these  standards  might  be  made  in- 
ternational, as  they  should  most  surely  be  ?  The  greater  then  the  value  of 
the  metric  basis. 

This  paper  is  only  suggestive,  but  I  trust  will  serve  to  call  attention  to 
a  fault  in  the  construction  of  our  apparatus  that  is  not  in  accord  with  the 
progress  in  other  lines  of  mechanical  art. 


The  phenomena  ok  solar-vortices.      By  Prof.  Frank  H.  Bigelow, 
Kacine,  Wis.      . 

[ABSTEACT.] 

The  theory  of  the  sun-spots  as  vortex  rings  admits  certain  tests  which 
are  here  indicated.  The  spots  are  supposed  to  originate  in  the  following 
manner : — the  sun  is  composed  of  an  ellipsoidal  nucleus  of  viscous  mate- 
rial with  a  figure  corresponding  to  the  period  of  rotation ;  surrounding 
this  is  a  convectional  region  filled  with  currents  of  radiated  gases  and 
surmounted  at  the  end  of  the  cooling  radius  by  a  spherical  envelope  of 
condensation.  The  low  specific  gravity  of  the  sun,  the  invariability  of 
its  apparent  diameters  under  rotation,  the  acceleration  of  the  equatorial 
belts  point  to  this  conclusion.  The  general  contraction  of  the  nucleus 
and  other  causes  of  constriction  produce  great  bubbles  all  over  its  sur- 
face, but  most  vigorously  near  parallels  of  structural  weakness  where  the 
tangential  tension  on  the  surface  is  a  maximum.  The  escape  of  the  gases 
occurs  in  the  form  of  vortex  rings  which  finally  impinge  upon  the  envel- 
ope, the  strongest  being  able  to  break  through.  The  spot  belts  and  their 
periodicity  depend  upon  the  special  energies  of  the  nucleus. 

Spots  are  distinguished  as  of  the  normal  type  and  of  the  irregular 
forms.  Each  spot  passes  through  three  stages  :  the  formation,  the  quies- 
cence and  the  degeneration.  The  natural  development  of  a  vortex  is  that 
ordinarily  observed,  an  apparition  with  local  disturbance  of  the  surface, 
including  a  lifted  space  gradually  streaked  with  cleavages  ;  the  appearance 
of  the  true  ring,  umbra,  penumbra  and  photosphere,  with  their  respective 
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temperatures,  accompanied  by  the  formation  of  segments  as  the  motions 
of  translation  and  rotation  become  exhausted ;  finaliy  the  brealsing  up  with 
ragged  intrusion  of  the  surrounding  matter  into  the  cavity  thus  produced. 
There  is  a  double  tendency,  first  of  upward  ascending  currents  till  the 
vortex  motion  vanishes,  and  second  of  inward  descending  currents  while 
the  broken  surface  is  being  replaced.  The  middle  stage  is  of  quiescence 
or  non-activity  while  the  forces  are  in  approximate  equilibrium.  The  two 
types  and  the  three  classes  of  spots  are  only  temporary  modes  of  partial 
formation.  From  the  time  of  appearance  to  the  end  of  quiescence,  when 
the  direction  of  the  movement  changes,  is  the  opportunity  to  study  the 
vortex  phenomena. 

We  present  some  proofs  of  this  conclusion.  1.  The  motion  in  the  spots 
Is  known  to  be  upwards,  conflicting  or  quiescent,  and  downwards  by  turns, 
on  spectroscopic  evidence.  Currents  of  great  velocity  passing  through 
an  opening  always  assume  a  cyclonic  rotation,  if  they  act  as  a  continuous 
stream.  The  stream-current  theory  is  inadmissible  since  no  strong  circu- 
lar motion  is  observed,  nor  is  there  sufficient  accumulation  of  material  at 
the  place  to  allow  for  the  vast  quantity  of  fresh  substances  implied  in  such 
currents.  The  only  alternative  to  tangential  vortices  is  that  of  radial  vor- 
tices or  rings.  2.  The  formation  of  filamentary  sections  in  planes  inter- 
secting at  tlie  centre  of  the  vortex,  and  following  the  law  that  the  product 
of  the  angular  velocity  into  the  section-area  is  a  constant  all  around  the 
ring,  is  apparently  followed  in  the  sun-spots.  At  this  point  accurate 
measures  of  the  velocities  and  sections  of  the  penumbra  are  needed  for 
verification.  The  interchange  of  the  relative  section-areas  is  exemplified 
constantly ;  the  persistence  of  the  direction  of  the  filament  planes  of  rota- 
tion towards  the  original  origin  under  the  stress  of  distorting  forces  is  a 
very  obvious  feature ;  the  direction  of  the  bridges,  the  direction  of  the 
filaments  in  the  queues  have  the  same  meaning. 

In  order  to  measure  the  position  and  area  of  the  sections  at  difierent 
epochs  so  as  to  render  the  results  comparable,  it  is  necessary  to  introduce 
such  coordinates  as  can  be  referred  to  the  fundamental  plane  determined 
by  the  observer's  line  of  sight.  Those  proposed  are  :  x-axis  the  tangent 
to  the  solar  parallel  passing  through  the  centre  of  the  vortex,  positive 
eastward;  ^-axis  the  solar  meridian,  positive  northward;  and  the  ^-axis 
normal  to  plane  of  vortex,  positive  outward.  A  series  of  general  formulae 
for  tabulating  the  position  of  the  a;-axis  and  the  y-axls  depending  upon 
^he  sun's  longitude  were  given.  The  actual  measurements  must  be  re- 
duced to  the  unit-measures  on  the  plane  of  reference,  and  formulaj  for  the 
axis-foreshortening  were  produced. 

Practical  work  upon  the  spots  should  have  in  view  the  saccessive  areas 
of  the  sections,  taken  as  consecutively  as  possible  at  short  enough  inter 
vals  to  trace  accurately  the  changes  as  they  take  place  in  the  same  section. 
The  photographic  methods  may  furnish  a  resource  for  overcoming  the  in- 
herent difllculties,  if  pictures  can  be  taken  showing  a  sufficient  number  of 
details  on  the  spot.  It  is  also  suggested  that  the  study  of  vortex-rings  on 
a  large  scale,  as  found  In  some  volcanic  regions,  will  supplement  the 
mathematical  theory  with  certain  empirical  constants  needed  in  the  appli- 
cations to  the  solar-vortlces. 
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The  gkometric  meaning  of  singular  solutions  of  differential  equa- 
tions OF  THE  SECOND  AND  HIGHER  ORDERS.    By  Prof.  HeNRY  B.  FxNK, 

Princeton,  N.  J. 

[ABSTRACT.] 

Differential  equations  generally  have  no  singular  solutions.  For  their 
occurrence  in  the  case  of  the  equation  of  the  second  order,  It  is 
necessary  that    there   exist    such    relations   among    the   coefficients  of 

(cPy  dy         \ 
do?'  dx    ^'     /  ~  0  ^^^^^  *^^  complete  primitive  <}>  (x,  y,  a,  p)  =  o  be 

continuous  function  of  x,  y,  a,  /s  in  a  finite  portion  of  the  plane.  On  this 
hypothesis,  <l>  (x,  y,  a,  ^)  =  o  represents  a  doubly  infinite  system  of 
curves,  algebraic  or  transcendental.  Investigation  show^s  that  the  relation 
holding  betw^een  the  coordinates  of  the  point  where  any  particular  curve 

„    ,                              .                                                          ,   &<t,        ,   h(i, 
of  the  system  <^  =  o  is  met  by  a  consecutive  curve  <|)  -| dx  -f-  —  d^  =  o 

which  foMcftes  it,  and  the  slope  of  the  common  tangent  at  this  point  —  let  this 

relation  be  called  X  (  Ji,  y,  x\  =o  —  is  to  be  got  by  elimination  of  a  and 
\dx         / 


d<t> 
/3  between  <^  ==  o,  y  =  o  and 


=  0,  and  is  therefore 


Sx  ^Ss  '   hx 

the  singular  solution. 

The  theorem  readily  follows  : — 

The  singular  solution  of  a  differential  equation  of  the  second  order  is  a 
singly  infinite  system  of  curves,  each  of  which  has  at  every  one  of  its  points 
double  contact  with  a  particular  curve  of  the  doubly  infinite  system  constitut- 
ing the  complete  primitive. 

The  demonstration  and  consequent  theorem  readily  admit  of  extension 
to  diflferential  equations  of  higher  orders. 


On  THE  VISIBILITY  OF    OBJECTS  AS   CONDITIONED    BY   THEIR    MAGNITUDE 
AND  BRIGHTNESS,  WITH  APPLICATIONS  TO  THE  THEORY  OF  TELESCOPES 

By  Prof.  Wm.  Harkness,  Washington,  D.  C.  • 

[ABSTRACT.] 

In  this  paper  a  series  of  experiments  with  Snellen's  and  other  test-type 
were  described,  from  which  it  was  deduced  that  if  v  is  the  visual  angle 
necessary  to  render  the  type  legible  when  so  illuminated  that  their  bright- 
ness is  b,  then  the  relation  between  v  and  b  is  expressed  by  the  equation 

b  (r  — 3.62')  =  1.38 
where  v  is  to  be  taken  in  minutes  of  arc,  and  the  unit  of  brightness  is 
ordinary  day-light  sufficiently  intense  to  cause  the  pupil  of  the  eye  to  con- 
tract to  a  diameter  of  about  one-tenth  of  an  inch.     This  definition  may 
seem  rather  vague,  but  it  is  not  really  so  because  within  pretty  wide  limit 
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of  illumination  the  automatic  action  of  the  iris  reduces  the  visual  bright- 
ness of  objects  to  a  nearly  invariable  standard.  In  the  experiments 
from  which  the  formula  was  deduced,  the  brightness  ranged  from  unity  to 
about  0.0013 ;  and,  as  at  the  latter  brightness,  the  pupil  of  the  eye  would 
be  expanded  to  a  diameter  approximating  0.24  of  an  inch  (when  it  would 
admit  6.76  times  more  light  than  with  a  diameter  of  0.10  of  an  inch)  the 
experiments  really  covered  all  degrees  of  illumination  from  unity  to  about 
0.0002 — which  seems  to  be  the  entire  range  of  human  vision. 

After  the  derivation  of  the  formula  had  been  explained,  it  was  applied 
to  the  general  theory  of  telescopes,  including  night  glasses,  and  it  was 
shown  that  the  maximum  visibility  of  faintly  illuminated  objects  is  ob- 
tained when  the  telescope  employed  has  a  clear  aperture  in  inches  equal  to 
one-quarter  of  its  magnifying  power,  and  the  power  is  just  sufficient  to 
give  the  particular  object  observed,  an  apparent  visual  angle  of  about  ten 
degrees.  Among  the  phenomena  explained  was  Herschel's  famous  exper- 
iment of  reading  the  time  from  the  dial  of  a  distant  church  steeple  by 
means  of  a  large  telescope  when  the  darkness  was  such  that  the  steeple 
Itself  was  invisible  to  the  naked  eye.  Incidentally,  a  simple  and  accurate 
method  of  measuring  the  diameter  of  the  pupil  of  the  eye  in  almost  com- 
plete darkness  was  described. 


'  Photometric  observations  of  asteroids.    By  Henry  M.  Parkhukst, 
New  York,  N.  Y. 

[ABSTRACT.] 

Individual  stars  not  reliable  as  photometric  standards. 

Their  changes  of  brightness  cannot  be  safely  predicted. 

Asteroids  are  liable  only  to  certain  changes  which  can  be  ascertained 
and  predicted.  Practically  the  principal  change,  after  reducing  to  dis- 
tance unity,  is  connected  with  phase.  This  varies  in  amount  with  different 
asteroids. 

Usually  the  correction  for  rotation  is  so  small  that  it  is  merged  in  the 
irregularities  of  the  sky  and  the  errors  of  observation.  Kemarkable  ex- 
ception. 

Results  of  observations  of  Vesta,  as  compared  with  those  of  Profes- 
sors Pickering  and  Harrington,  after  correction  for  phase. 

Proof  that  the  change  in  solar  illumination  at  the  present  time  is  im- 
perceptible. 


Moment  of  inertia.     By  Prof.  J.  Burkitt  Webb,  Stevens  Institute, 

Hoboken,  N.  J. 

[abstract.] 

This  paper  called  attention  to  a  difference  in  the  definition  of  the  term 

*'  Moment  of  Inertia"  by  which,  in  some  cases,  all  reference  to  mass  is 

omitted.    The  necessity  of  a  clear  and  consistent  definition  for  students 
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of  mechanics  was  insisted  upon  and  some  difHculties  referred  to  arising 
from  definitions  of  tlie  term  which  omit  the  mass.  A  simple  apparatus 
was  described  which  was  devised  by  the  author  for  use  in  determining 
the  moment  of  inertia  of  any  body  before  a  class  or  in  practical  work  and 
the  advantage  of  thus  giving  to  students  as  concrete  an  idea  as  possible 
of  moment  of  inertia  was  urged. 


On  the  eccentricities  of  guessing.     By  Prof.   T.    C.   Mendenhall, 
Terre  Haute,  Indiana. 

[ABSTRACT.] 

A  SERIES  of  about  seven  thousand  guesses  on  the  number  of  nails  in  a 
carboy  was  analyzed,  the  results  grouped  by  hundreds  and  a  chart  show- 
ing their  distribution  was  constructed.  The  resulting  line  showed  some 
resemblance  to  the  probability  curve. 


On   the  orbit  of  Hyperion.     By  Prof.  Ormond  Stone,  University 
of  Virginia. 


On  the  horizontal  flexure  op  a  meridian  circle.    By  J.  M.  Schae- 
berle,  Observatory,  Ann  Arbor,  Mich. 


Variation  of  personal  equation  :  a  criticism.    By  Henry  Farquhar, 
U.  S.  Coast  Survey  Office,  Washington,  D.  C. 


The  effect  of  some  peculiarities  op  personal  equation.    By  Prof. 
J.  R.  Eastman,  U.  S.  Naval  Observatory,  Washington,  D.  C. 


A  LIST  op  stars  with  large  proper  motions.    By  Prof .  Lewis  Boss, 
Dudley  Observatory,  Albany,  N.  Y. 


The  logical  theorems  required  in  elementary  geometry.    By  Prof. 
A.  Macfarlane,  University  of  Texas,  Austin,  Texas. 


The  logical  form  of  geometrical  theorems.    By  Prof.  A.  Macfar- 
lane, University  of  Texas,  Austin,  Texas. 


A  new  form  op  "comet  seeker."    By  J.  A.  Brashear,  Allegheny,  Pa. 


Method  op  preventing  breakage  in  the  polarizing  helioscope.    By 
J.  A.  Brashear,  Allegheny,  Pa. 


Coefficients  op  collimation  and  flexure  of  transit  instruments 
with  broken  tubes.  By  Prof.  Jefferson  E.  Kershner,  Lancaster, 
Pa. 
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This  is  an  Association  for  the  Advancement  of  Science  and 
the  aim  of  its  meetings  has  been  to  foster  scientific  research  by 
affording,  at  least,  opportunity  for  reports  in  the  form  of  scientific 
papers  upon  the  work  accomplished  by  individual  members,  and 
for  that  general  discussion  and  exchange  of  thought  that  so  much 
aid  scientific  progress.  With  the  same  view,  I  suppose,  it  is  de- 
creed, that  "  the  Vice  Presidents  shall  be  the  chairmen  of  their 
respective  sections,  ....  and  it  shall  be  a  part  of  their  duty 
to  give  an  address  each  before  his  own  section  at  such  time  as  the 
Standing  Committee  shall  determine."  This  rule  compels  me  to 
ask  3'our  attention,  for  a  brief  period,  while  I  add  my  mite  to  the 
promotion  of  the  object  of  our  meeting. 

In  1883,  your  chairman  gave  you  "  A  Plea  for  Pure  Science." 
He  pointed  out  to  you  the  noble,  self-sacrificing  labors  of  those  who 
have  worked  in  the  field  of  science  for  the  purpose  of  discovering 
nature's  secrets,  and  with  no  hope  of  pecuniary  reward.  He  de- 
plored the  utilitarian  tendency  of  our  age  and  especially  of  our 
nation.  He  urged  the  importance  of  the  study  of  science  for  the 
sake  of  science,  and  urged  those  occupying  professors'  chairs  to 
give  the  time  they  could  spare  from  their  duties  to  scientific  inves- 
tigations instead  of  to  commercial  and  expert  work.  We  can  all 
agree  with  him  in  admiration  of  the  disinterestedness  and  self- 
sacrifice  of  the  greatest  scientific  workers.  We  can  agree  with 
him  that  the  grandest  scientific  problems,  the  determination  of  the 
constitution  of  matter,  of  the  origin  of  the  forces  we  are  daily 
using,  of  the  hidden  relation  between  the  different  forms  of  en- 
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ergy,  will  never  attract  the  utilitarian  workers,  and  must  be  solved, 
if  solved  at  all,  by  those  who  work  for  the  love  of  science,  with- 
out hope  of  pecuniary  reward.  But  we  must  not  forget  that  there 
is  much  in  science  that  has  a  pecuniary  value  and  that  there  will 
be  a  hundred  workers  with  the  less  noble  motive,  where  there  is 
one  who  has  no  thought  of  pecuniary  gain.  It  does  not  do  to  say 
that  these  workers  are  only  promoting  the  application  of  science. 
"Science,"  says  Herbert  Spencer,  is  "  classified  knowledge,"  and  he 
who  adds  a  new  fact  to  an  alread^^  recognized  class,  or  who  de- 
velops new  relations  between  phenomena,  enabling  us  to  predict 
results  which  before  could  only  be  arrived  at  by  means  of  experi- 
ment, is  advancing  science,  even  though  all  were  done  in  the  pur- 
suit of  gain.  The  work  done  is  the  same,  whatever  the  motive 
that  led  to  the  doing.  It  is  my  purpose  in  this  address  to  point 
out  some  of  the  good  accomplished  by  the  utilitarian  workers  and 
to  consider  what  may  be  done  to  render  such  work  more  eftective 
in  producing  results  of  scientific  value. 

Many  of  those  recognized  as  our  foremost  scientific  workers 
have  not  given  freely  of  all  their  work  to  the  world.  I  find,  in 
looking  over  the  patent  records  the  names  of  Sir  William  Thom- 
son, "Warren  de  la  Rue,  and  other  physicists,  who  have  applied  to 
the  patent  office  for  protection  in  the  use  of  what  they  have  dis- 
covered. Sir  William  Thomson,  under  date  of  February  20,  1858, 
claims  the  fall  of  potential  method  of  testing  for  insulation,  as 
the  specifications  have  it,  "  by  communicating  a  charge  of  elec- 
tricity to  it  [a  telegraph  wire]  and  then  leaving  both  ends  insulated 
and  some  part  of  it  connected  by  a  conductor  with  an  instrument 
for  electro-static  potential."  Also  by  comparing  its  resistance  to 
the  flow  of  electricity  from  a  constant  source,  with  the  resistance 
of  a  standard  coil  to  the  flow  of  electricity  from  the  same  or  other 
constant  source ;  the  test  of  a  submarine  telegraph  wire  while 
laying  it,  the  indicator  of  the  galvanometer  being  suspended  "by 
a  stretched  fibre  passing  through  its  centre  of  gravity ;"  the  use 
of  "  a  double  bifilar  suspension  for  the  indicator  of  any  electrom- 
eter, galvanometer,  relay,"  or  other  testing  instruments ;  using 
the  suspending  filament  as  a  conductor,  or  conducting  the  elec- 
tricity to  the  suspended  body  by  means  of  a  wire  dipping  in  a 
conducting  liquid  ;  the  use  of  thermal  effects  for  recording  tele- 
graph signals ;  the  use  of  photography  for  the  same  purpose. 
He  claims  also  a  method  of  transmitting  messages  between  one 
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or  "  more  conductors  and  a  different  nunaber  of  conductors :" 
"  several  sending  keys  in  branches  connected  to  one  cable  are 
loclied  so  that  they  can  be  used  only  one  at  a  time  and  succes- 
sively in  a  certain  order ;"  "  at  the  receiving  station  the  letters 
must  be  read  off  and  allotted  to  words  in  the  same  order," — a 
system  of  multiplex  telegraphy  that  does  not  seem  to  have  been 
very  generally  adopted.  In  1860  he  patents  "  a  form  of  Dan- 
iel's battery,  in  which  the  two  liquids  are  connected  by  a  siphon ;" 
also  the  trough  battery.  In  1867  he  patents  an  induction  ma- 
chine, in  which  metal  carriers,  attached  to  the  rim  of  a  vulcanite 
wheel,  touch  lightly  as  the  wheel  revolves  upon  springs  attached 
to  conductors.  In  these  we  recognize  some  of  the  best  known  in- 
struments and  methods  of  the  physical  laboratory. 

In  later  years.  Professor  S.  P.  Thompson  and  Professors  Ayr- 
ton  and  Perry  have  patented  improvements  in  telephones,  electric 
measuring  instruments,  etc.  In  this  country,  without  multiplying 
examples,  we  find  that  Professor  Mayer,  of  Hoboken,  has  patented 
a  "  topophone,"  and  that  Professor  Rowland,  of  Baltimore,  has 
patented  a  method  of  casting  metals  and  a  method  of  grinding 
screws.  No  one  considers  that  the  scientific  work  of  Sir  William 
Thomson  and  the  others  named  is  of  less  value  because  they  have 
tried  to  reap  from  it  the  pecuniary  harvest  that  it  should  legiti- 
mately yield.  If  the  pursuit  of  wealth  were  to  absorb  all  their 
powers,  if  the  pursuit  of  science  had  no  charm  for  them,  except  as 
it  gave  promise  of  pecuniary  reward,  then  indeed  we  should  have 
cause  to  mourn. 

On  the  other  hand,  we  have  cause  to  be  thankful  for  the  contri- 
butions to  science  by  men  who  have  devoted  their  lives  to  com- 
mercial pursuits.  Dr.  Werner  Siemens,  of  Berlin,  and  Charles 
Siemens,  of  London,  have  from  time  to  time  made  most  valuable 
contributions  to  our  knowledge.  They  gave  us  the  shuttle  arma- 
ture for  the  magneto-electro  machine.  Wilde,  another  business 
man,  showed  us  how  enormously  powerful  machines,  which  were 
the  wonder  of  their  time,  could  be  made  by  using  the  current  from 
a  small  Siemens  armature  to  energize  a  large  electro-magnet  be- 
tween the  poles  of  which  a  second,  larger  Siemens  armature,  was 
made  to  rotate.  Siemens  then  showed  us  the  regenerative  princi- 
ple applied  to  the  electro-magnetic  machine  and  paved  the  way  for 
the  modern  dynamo.  His  paper  describing  this  was  presented  to  the 
Royal  Society,  February  4,  1866,  and  he  was  allowed  a  patent  for 


72  SECTION   B. 

it  January  31,  1867.  The  description  in  the  patent,  which  is  al- 
most the  same  as  in  the  Royal  Societj'  paper,  is  as  follows : 

"In  the  electro-magnetic  apparatus  which  carries  out  the  method 
of  this  invention,  rotary  motion  is  imparted  to  the  armature  in  the 
opposite  direction  to  that  in  which  it  would  move  consequent  on 
an  electric  current  passing  round  the  electro-magnets,  and  a  gal- 
vanic battery  being  momentarily  inserted  into  the  system,  or  a 
magnetic  impulse  being  imparted  in  any  other  way  to  the  arrange- 
ment during  rotation,  an  increasing  electric  current  is  developed 
in  the  coils  which  soon  becomes  a  powerful  current  available  for 
practical  purposes."  It  will  be  seen  that  this  contains  the  com- 
plete statement  of  the  reversibility  of  the  electric  motor  which 
Paccionotti  only  failed  to  enunciate  because  he  did  not  know  that 
his  machine  as  a  generator  could  be  made  to  magnetize  itself. 

The  work  of  Hopkinson  and  of  Kapp,  in  developing  the  meth- 
ods for  predetermining  the  chai-acteristics  of  a  dynamo,  is  impor- 
tant scientific  as  well  as  practical  work.  Hopkinson  has  also  ad- 
vanced our  knowledge  of  the  theory  of  alternating  currents,  and 
has  shown  how  to  take  account  of  the  difference  of  phase  between 
the  waves  of  E.  M.  F.  and  current,  in  experiments  to  determine 
the  energy  developed.  Elihu  Thomson  has  shown  that  in  con- 
sequence of  the  lagging  of  the  waves  of  an  induced  current,  the 
secondary  coil  of  an  induction  system  is  always  repelled  by  its 
primary,  and  he  has  constructed  measuring  instruments  and  alter- 
nating current  motors  based  on  this  fact.  Hundreds  of  other  in- 
stances might  be  cited,  of  substantial  contributions  to  science  by 
men  engaged  in  commercial  pursuits,  not  only  men  like  Siemens, 
Froelich  and  Hopkinson  who  have  bad  a  scientific  training,  but 
others,  without  such  training,  have  by  intuition  or  good  fortune, 
while  groping  in  the  dark,  discovered  treasures  that  were  hidden 
to  those  who  carried  the  light  of  science.  It  is  inevitable  that 
much  that  is  of  scientific  value  must  be  done  by  such  men. 

This  is  the  age  of  invention.  One  has  only  to  look  at  the  li- 
brary shelves  containing  the  publications  of  the  patent  office  to  see 
how  very  rapidly  inventions  and,  presumably,  inventors,  have 
multiplied.  If  we  measure  the  yearly  volumes  of  the  index  to  the 
names  of  patentees,  we  find  in  those  from  our  own  and  from  the 
British  patent  offices,  a  continued  increase  in  thickness  which 
since  1882  has  been  very  rapid.  This  may  look  like  measuring  the 
growth  of  inventions  by  a  foot  rule,  but  I  believe  it  is  a  fair  in- 
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dication  of  what  is  going  on  in  that  direction,  and,  if  inventions 
multiply  in  the  next  ten  years  in  the  same  increasing  ratio  that 
they  have  in  the  last  five,  it  will  be  necessary  to  use  some  such 
summary  process  to  obtain  any  general  view  of  the  subject.  An 
examination  shows  that  the  great  increase  in  the  number  of  pa- 
tents in  the  last  few  years  is  largely  due  to  the  rapid  progress  of 
inventions  involving  applications  of  electrical  science.  In  this 
direction  alone,  inventions  and  inventors  are  numbered  by  the 
hundred,  and  it  is  lamentable  to  see  in  how  many  cases  supposed 
inventions  are  based  on  totally  erroneous  ideas,  and  in  how  few 
cases  the  inventor  is  guided  by  scientific  knowledge. 

Now  I  consider  that  every  new  thing,  involving  the  application 
of  scientific  principles  or  truths,  is  a  distinct  advance  in  science 
itself.  We  knew  before  the  days  of  "Watt  of  the  pressure  of 
steam  and  of  the  power  to  be  obtained  by  its  condensation,  but 
would  any  one  dare  to  say  that  scientific  knowledge  has  not  been 
advanced  through  Watt's  invention?  Faraday  has  taught  us  the 
general  facts  of  current  induction,  but  was  it  not  a  step  forward 
when  Wilde  showed  us  that  by  using  the  current  from  a  small 
magneto  machine  to  excite  an  electro  magnet,  the  effects  of  the 
little  magneto  could  be  multiplied  many-fold?  And  did  not  science 
move  forward  another  step  when  Siemens  showed  us  the  regenera- 
tion of  the  magnetism  of  soft  iron  by  means  of  the  current  devel- 
oped through  its  own  agency?  And  was  there  not  a  little  advance 
when  Bell  showed  us  that  the  little  currents  developed  by  the  in- 
finitesimal vibrations  of  an  iron  plate  in  a  magnetic  field  were  ca- 
pable of  exciting  in  another  plate  in  a  distant  instrument,  similar 
vibrations  that  the  ear  could  translate  into  spoken  words  ?  Can  we 
say  that  all  these  uses  of  magneto-electric  induction  were  included 
in  Faraday's  discovery  and  that  these  are  obvious  applications 
that  in  no  way  help  the  cause  of  science?  No.  Science  acknowl- 
edges the  debt  it  owes  to  men  like  Watt,  Stephenson,  Siemens  and 
a  host  of  others,  who,  in  developing  the  applications  of  science, 
have  brought  to  view  new  facts  or  presented  to  us  old  facts  in  a 
new  light.  And  if  the  army  of  would-be  inventors  could  enter 
the  field  with  a  full  knowledge  of  what  science  has  already  done, 
the  conquest  of  new  territory  would  be  still  more  rapidly  accom- 
plished, and  not  a  few  of  those  whose  names  would  be  remem- 
bered, would  be  found  to  have  come  up  from  the  utilitarian  ranks. 
And  this  brings  me  to  the  question  which  is  the  real  subject  of 
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this  address,  "What  can  be  done  to  render  the  work  of  those  en- 
gaged in  commercial  pursuits  more  useful  to  science  ? 

It  is  of  the  highest  importance  in  a  scientific  point  of  view  as 
well  as  from  the  point  of  view  of  progress  in  material  wealth,  that 
the  principles  and  details  of  science  should  be  spread  broadcast. 
The  grand  truths  of  physical  science  should  be  the  familiar  talk  of 
every  school  boy.  Such  doctrines  as  the  conservation  of  energy 
should  be  inculcated  by  pointing  out  in  the  lowest  schools  the  sig- 
nificance of  familiar  facts.  Not  only  boys  but  girls  should  re- 
ceive such  training  in  order  that  the  great  truths  of  nature  may 
become  the  heritage  of  future  generations  and  be  taught  to  the 
child  from  his  earliest  infancy.  Very  young  children  can  appreci- 
ate the  principles  of  physical  science.  I  have  in  mind  now  a  little 
boy  of  five  years  whom  I  have  met  this  summer,  whose  father 
has  a  mill  and  machinery  in  operation,  and  whose  mother  is  one 
of  those  rare  women,  gifted  with  a  natural  insight  into  physical 
laws.  Partly  by  being  about  the  mill,  but  mainly  by  his  mother's 
teaching,  this  boy  has  learned  the  principle  of  the  advantage  gained 
by  the  lever ;  he  knows  how  to  reeve  a  pair  of  pulley  blocks,  and 
knows  that  the  greater  the  advantage  gained,  the  longer  it  takes 
to  raise  a  weight.  He  knows  that  the  pressure  produced  by  a 
head  of  water  is  greater  the  larger  the  area  pressed  ;  and  though 
he  could  not- formulate  the  law  of  equivalence  of  energy,  he  feels 
that  equivalence  between  the  energy  he  expends  on  the  long  end  of 
the  lever  and  the  work  he  accomplishes  at  the  short  end.  This 
shows  how,  with  natural  gifts  and  proper  early  training,  even  a 
very  young  child  may  acquire  a  working  knowledge  of  physical 
principles,  and  it  is  evident  that  a  properly  conducted  education 
in  the  schools  would  develop  from  such  a  child  a  man  who,  if  he 
should  turn  his  attention  to  pure  science,  or  to  inventions  in  ap- 
plied science,  would  avoid  the  mistake  of  trying  to  accomplish  the 
impossible.  With  such  an  education  for  both  boys  and  girls  the 
number  of  such  workers  would  increase,  and  each  generation  would 
furnish  more  and  more  material  out  of  which  such  men  could  be 
made.  What  can  our  schools  do  to  help  in  this  education?  Science 
now  has  but  small  place  in  the  lower  schools,  and,  when  the  matter 
of  finding  a  place  for  it  is  broached,  it  is  claimed  there  is  no  time. 
But  how  is  the  time  of  the  pupils  occupied  ?  Besides  the  reading 
and  writing,  arithmetic,  grammar,  and  geography  have  the  most 
prominent  places.    Children  of  ten  or  twelve  years  are  expected  to 
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recite  glibly  the  rules  of  grammar  and  to  know  the  locality',  and, 
perhaps,  the  number  of  inhabitants  and  chief  products  of  twenty 
to  a  hundred  towns  in  each  state  of  the  Union.  I  remember  how 
I,  as  a  youngster,  learned  that  "  a  verb  is  a  word  that  expresses 
action,  being  or  state."  Action  conveyed  some  definite  idea  to 
my  mind,  perhaps,  but  my  idea  of  "  being"  came  from  the  Sunday 
school,  and  of  "  state"  from  the  geography.  Then  I  learned  that 
"the  nominative  governs  the  verb  in  person  and  number,"  or,  as  we 
recited  it  in  concert,  in  loud  voices,  "the  nomi'tive  gov'ns  the  verb  in 
person  'n'  number."  What  the  nominative  was  and  how  it  governed, 
who  the  persons  were  and  how  many  of  them,  were  mysteries  to 
us.  Our  ideas  of  government  were  derived  mainly  from  a  big 
ruler,  with  vrhich,  sometimes,  formal  punishment  was  administered 
in  the  shape  of  one,  two,  three,  or  four  blows  on  the  palm  of  the 
hand,  but  as  often  it  startled  us  by  coming  down  on  our  knuckles 
at  most  unexpected  times.  The  study  of  grammar  is  well  enough, 
but  it  should  be  one  of  the  last  subjects  for  the  boy  to  take  up. 
He  should  study  language  by  reading  authors,  not  by  burdening 
his  mind  with  rules  that  to  him  have  no  meaning,  and  can  have 
none  ^ill  he  has  become  familiar  with  language  by  its  use.  A 
month  at  eighteen  will  do  more  to  give  a  knowledge  of  grammar 
than  a  3'ear  at  ten.  A  noted  writer  on  English  literature  said 
to  me,  "Volumes  have  been  written  upon  the  use  of  the  sub- 
junctive mood;  but  what  is  the  use  of  rules?  one  must  feel  the 
subjunctive  mood  in  order  to  use  it  properly." 

Geography  should  be  taught  to  give  familiarity  with  the  use  of 
maps,  and  to  impart  a  knowledge  of  the  form  and  size  of  the  earth 
and  the  general  form  of  the  great  divisions  of  land  and  water.  Be- 
yond this,  the  geography  should  be  a  book  of  reference.  As  soon 
require  the  child  to  learn  the  dictionary  by  heart  as  to  learn  the 
names  and  localities  on  the  map  of  all  the  little  capes  and  headlands, 
rivers  and  lakes,  and  cities  and  towns,  with  which  the  minds  of  little 
children  have  been  burdened.  Indeed,  I  should  state  it  as  a  gen- 
eral rule  that,  in  the  stud}'  of  any  subject,  facts  should  be  taught 
to  children  only  for  use  in  subsequent  studies,  or  to  point  out  and 
enforce  important  principles.  The  same  rule  would  apply  to 
the  applications  of  a  subject.  Except  as  they  help  to  elucidate 
the  subject,  applications  should  be  left  to  special  schools  or  classes 
where  professional  training  is  the  object.  "  Interest,"  "  dis- 
count," "partial  payments,"  etc.,  should  be  cut  out  of  the  arith- 
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metic  and  given  as  part  of  a  business  training.  I  well  remember 
how  I,  as  a  boy  of  twelve  or  thirteen,  puzzled  over  the  "  United 
States  rule,"  the  "Massachusetts  rule"  and  the  "  Vermont  rule,"  for 
partial  payments,  and  how  perfectly  plain  and  simple  these  seemed 
to  me  ten  years  later,  although  I  had  had  nothing  to  do  with  the 
subject  in  the  meantime.  At  a  "  Regents'  examination"  in  arith- 
metic some  years  ago,  among  the  problems  to  be  solved  was  one 
upon  "partial  payments."  The  solution  was  long  and  tedious, 
and,  in  a  majority  of  cases,  for  that  reason  was  omitted.  At  the 
next  examination,  a  similar  px'oblem  appeared  among  the  first  in  the 
list  of  questions,  and  the  pupils  were  informed  that  they  must 
solve  the  problems  in  their  order.  It  seemed  to  be  the  object  to 
determine,  not  whether  the  boys  and  girls  knew  arithmetic,  but 
whether  they  were  qualified  to  take  positions  in  banks  or  counting 
houses.  If  such  purely  technical  matters  are  to  be  included  in 
arithmetic,  then  every  pupil  in  anatomy  should  be  taught  to  set  a 
bone  or  amputate  a  limb,  every  student  of  chemistry  should  learn 
calico  printing,  and  every  student  of  physics  should  learn  to  pro- 
portion a  dynamo  and  lay  out  the  wiring  for  an  electric  light 
plant. 

Compared  with  these  technical  applications  of  arithmetic,  these 
thousand  and  one  rules  of  grammar,  with  all  the  exceptions,  and 
these  localities  of  the  rivers  and  brooks,  and  towns  and  villages  of 
Australia  or  Central  Africa,  the  primary  facts  and  principles  of 
physics  seem  to  me  of  transcendent  importance  in  the  education 
of  the  children.  Their  earliest  experiences  have  to  do  with  grav- 
ity, heat,  light  and  sound  ;  and  harmonic  motion  begins  to  upset 
their  little  brains  as  they  rock  in  the  cradle.  Never  are  they  re- 
moved from  the  action  of  physical  forces,  forces  upon  which  we 
depend  for  life  and  strength,  as  well  as  for  our  comforts  and  pleas- 
ures. What  more  important  for  the  child  to  study  ?  What  can  he 
study  so  intelligently  and  to  so  good  purpose  ?  Why  should  he 
go  to  the  ends  of  the  world  to  find  some  little  village  to  name 
and  learn  its  locality,  when  the  name  and  locality  teach  no  lesson 
except  that  such  a  village  exists? 

Let  us  then  make  a  place  for  physical  science  in  our  lowest 
schools  and  give  to  every  pupil,  every  boy  and  girl  in  the  land, 
some  knowledge  of  physical  forces.  Above  all,  let  the  lesson  of 
conservation  of  energy  be  drawn  from  the  various  familiar  cases 
of  its  transformation.     Beginning  with  the  lowest  schools,   the 
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study  of  physics  should  continue  through  the  higher  grades  and 
into  our  colleges.  In  short,  it  should  continue  through  the  whole 
of  a  "general"  education.  Beyond  that,  it  should  be  possible 
for  any  one  who  wishes  to  do  so,  to  continue  the  study  to  the  end 
of  his  college  or  university  course.  Having  found  a  place  for  the 
study  of  physics  in  the  primary  schools,  how  shall  it  be  taught? 
First,  I  should  say,  by  calling  attention  to  familiar  facts  and 
pointing  out  their  significance.  Why  does  a  heavy  body  fall  rap- 
idly and  a  feather  slowly?  "Why  does  wood  float  and  iron  sink  in 
water?  The  significance  of  such  facts  can  be  brought  out  by  re- 
sort to  simple  experiments.  The  pupil  can  feel  the  resistance  of 
the  air  to  the  motion  of  a  fan,  and  he  can  be  shown  that  iron  floats 
on  mercury.  The  instruction  should  consist  in  directing  the 
study  of  facts  and  things.  If  a  book  is  used,  everything  should 
be  verified  by  observation  or  experiment.  Very  simple  apparatus, 
onl3%  is  needed  to  provide  for  such  instruction.  In  the  higher 
grades  of  schools  more  elaborate  apparatus  should  be  provided, 
and  phenomena  that  can  only  be  produced  by  experiment  should 
be  studied.  Laws,  like  the  laws  of  falling  bodies,  of  the  pendu- 
lum, Boyle's  law,  the  law  of  expansion  by  heat  and  of  reflection 
and  refraction  of  light  should  be  discussed,  and  illustrative  prob- 
lems given  for  solution.  Up  to  this  point,  at  least,  physics  should 
be  taught  to  every  child.  Here,  probably,  a  majority  of  children 
would  leave  school  altogether,  but  the  training  they  will  have  re- 
ceived will  do  much  to  elevate  the  general  intelligence  of  the  peo- 
ple of  this  country  in  regard  to  physical  phenomena  and  laws. 
For  pupils  who  continue  through  the  high  school  and  college,  pro- 
vision is  now  made  for  instruction  in  physics ;  and  this,  based  up- 
on such  early  training  as  I  have  suggested,  could  be  made  far 
more  eflScient  than  it  is  now.  I  do  not  know  that  I  have  made 
myself  understood  in  this  address.  I  feel  convinced  that  we  must 
depend  for  the  rapid  advancement  of  physical  science  upon  the 
education  of  tiie  masses.  In  this  country,  men  devoted  to  science 
purely  for  the  sake  of  science  are  and  must  be  few  in  number. 
Few  can  devote  their  lives  to  work  that  promises  no  return  except 
the  satisfaction  of  adding  to  the  sum  of  human  knowledge.  Very 
few  have  both  the  means  and  the  inclination  to  do  this.  Most  of 
us  are  dependent  upon  salaries,  and  a  salary  binds  us  to  service 
which,  unfortunately,  does  not,  in  this  country,  usually  mean  sci- 
entific research.    Those  who  can  devote  themselves  to  research 
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can  be  trusted  to  embrace  every  opportunity  to  prepare  them- 
selves for  the  work  and  inform  themselves  of  what  has  been  done. 
The  fields  that  give  promise  of  pecuniary  reward  have,  however, 
attracted  men  poorly  prepared  for  the  work  they  have  undertaken. 
Without  mathematical  training,  without  a  knowledge  of  what  sci- 
ence has  already  accomplished,  they  have  spent  precious  time  and 
large  sums  of  money  in  reaching  results,  which  a  little  scientific 
study  would  have  taught  them  in  the  beginning. 

I  consider  that  the  organization  of  our  schools  is  largely  to 
blame  for  this  state  of  things.  Let  us  require  that  science,  and 
especially  physical  science,  shall  be  studied  from  the  primary 
schools,  and  we  shall  soon  find  in  the  great  army  of  utilitarian 
workers,  in  place  of  the  very  few  who  have  done  good  work  in  the 
past,  numbers  of  men  fully  qualified  to  begin  at  the  farthest  point 
reached  by  science  and  push  their  work  into  new  fields.  In  pro- 
moting the  applications  of  science,  they  will  advance  science  it- 
self. Even  if  no  new  facts  were  discovered,  or  new  principles 
demonstrated,  they  would  furnish  to  scientists  new  instruments 
and  means  of  research.  In  another  way  commercial  interests  help 
science.  "With  the  hope  of  reaching  remunerative  results,  experi- 
ments are  tried  by  commercial  companies  on  a  scale  and  at  an 
expense,  that  could  not  be  compassed  by  the  physicist.  What  re- 
sults might  be  reached  if  such  experiments  were  always  directed 
by  scientific  knowledge  !  I  think  the  importance  of  this  matter  a 
suflicient  excuse  for  occupying  your  time  with  it.  I  have  urged 
here  the  importance,  from  the  point  of  view  of  pure  science,  of 
science-teaching  in  our  common  schools.  As  much,  and  per- 
haps more,  might  be  said  from  the  point  of  view  of  the  material 
prosperity  of  the  country.  This  Association  has,  therefore,  every 
advantage  in  urging  the  question  of  science-teaching  upon  the 
school  boards. 
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Measurkmkxt  of  surfack  tension  of  liquids.    By  Prof.  W.  F.  Magie, 
Princeton,  New  Jersey. 

[ABSTRACT.] 

Thk  aims  of  the  investigation  here  presented  are  :  1.  To  obtain  accurate 
methods  of  measuring  surface  tension  ;  2.  To  compare  the  results  derived 
from  different  metl)ods  witli  the  view  to  determine  whether  or  not  the 
contact  angle  of  a  liquid  with  the  solid  which  it  wets  is  invariably  zero. 
The  plan  of  this  comparison  was  presented  to  the  section  at  the  Buffalo 
meeting. 

A  method  of  measurement,  which  yields  very  consistent  results,  con- 
sists in  measuring  the  distance  between  the  lower  surface  of  an  air  bub- 
ble formed  under  a  large  concave  lens  in  the  liquid,  and  the  horizontal 
plane  of  greatest  section  of  the  bubble.  The  setting  on  that  plane  is 
made  by  setting  upon  the  image  of  an  illuminated  slit  reflected  from  the 
surface  of  the  bubble  at  that  part  where  the  tangent  is  vertical.  The  set- 
ting on  the  lower  surface  is  made  by  setting  on  the  end  of  a  pointer 
brought  in  contact  with  the  under  surface.  This  method  is  independent 
of  the  contact  angle. 

Another  method  devised  consists  of  measurements  similar  to  the  pre- 
ceding made  upon  a  column  of  liquid  lifted  from  the  surface  of  the  liquid 
by  means  of  a  vertically  moving  convex  lens. 

Measurements  upon  water  were  made  by  the  first  method  and  by  a 
method  described  by  the  author  in  the  Am.  Jour,  of  Science,  Vol.  xxxr, 
March,  1886.  The  results  for  the  capillary  constant  a"  were  respectively 
15  28  and  15.13.  These  results  differ  by  more  than  the  probable  error  of 
either,  and  indicate  a  contact  angle  for  water  of  12°  22'.  Using  this 
value  for  the  contact  angle  and  the  value  of  a*  given  by  the  first  method, 
the  value  of  a*,  that  should  be  obtained  from  the  ordinary  method  of 
measurement  by  the  use  of  capillary  tubes  on  the  assumption  that  the 
contact  angle  Is  zero,  was  shown  to  be  14.90.  The  result  usually  given  as 
actually  measured  is  about  14.80. 

For  absolute  alcohol,  the  first  method  gives  a*  =  5.576.  ' 

A  method  described  by  the  author  In  Wled.  An.  xxv,  421,  which  Is  in- 
dependent of  the  contact  angle,  gives  a'  =  5.859. 

The  second  method  which  was  used  with  water  gives  for  alcohol 
o*  =  5.809. 

The  ordinary  method  by  the  use  of  capillary  tubes  gives  a*  =  5.805. 

There  is  no  Indication  of  a  finite  contact  angle  from  these  results. 

(79) 
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The  discrepancy  of  the  value  given  by  the  first  method  from  the  others 
was  probably  due  to  the  fact  that  the  measurements  made  by  it  did  not 
involve  any  prolonged  exposure  of  the  surface  to  the  air. 


Deteumination  of  the  invauiability  of  the  coefficients  of  expan- 
sion OF    Baily's  metal,   of  Jessup's  steel  and    of  Chance  and 
Sons'  glass  between  the  limits  of — 3°  and  +93°  Fahrenheit. 
By  Prof.  Wm.  A.  Rogers,  Waterville,  Me. 
[abstract.] 

The  observations  upon  which  the  result  announced  in  the  title  of  this 
paper  depends,  extend  from  Dec.  18,  1886  to  July  8,  1887.  The  yard  was 
taken  as  the  standard  of  comparison  and  the  particular  standards  em- 
ployed were:  (a)  a  combined  yard  and  meter,  standard  of  62.0°  Fahr., 
upon  Baily's  metal,  designated  R2;  (6)  a  combined  standard  yard  and 
meter  upon  a  bar  of  Jessup's  steel,  designated  R3  ;  (c)  a  combined  yard 
and  meter  upon  glass,  graduated  and  investigated  by  the  writer  for  the 
Standards'  Department  of  the  British  Board  of  Trade  and  designated  G. 
Comparisons  were  made  with  two  yards  upon  this  bar.  The  first,  desig- 
nated Ga,  has  defining  lines  about  2  mikrons  in  width  and  the  second  des- 
ignated Gb,  has  defining  lines  about  5  mikrons  in  width.  This  glass  was 
made  by  Chance  &  Sons  in  1870  under  a  special  order  from  the  Stand- 
ards' Department. 

The  comparisons  are  divided  into  groups  of  20°  each,  and  the  plan  of 
procedure  was  to  obtain  a  sufficient  number  of  comparisons  in  each  series 
for  a  safe  determination  of  the  coefiicients  of  expansion  from  each  series 
independently.  The  unknown  errors  of  the  thermometers  are  thus,  to  a 
certain  extent,  eliminated,  since  in  the  thermometers  employed  there  are 
few  departures  from  a  scale  of  uniform  corrections. 

The  observations  have  all  been  made  near  points  of  time  in  the  day  des- 
ignated the  critical  point  of  no  variation  of  temperature.  Special  pains 
have  been  taken  to  obtain  an  equal  number  of  comparisons  at  points  above 
and  below  this  critical  point.  Advantage  has  been  taken  also  of  the  few 
occasions  in  which  a  steady  natural  temperature  was  maintained  for  sev- 
eral hours  at  a  time.  A  large  share  of  the  comparisons,  however,  were 
made  about  half  an  hour  after  sunrise.  The  critical  point  which  occurs 
in  the  afternoon  was  found  to  be  far  less  safe  than  that  which  occurs  in 
the  early  morning. 

The  following  are  the  general  results  obtained  from  the  observations : 

(a)     Independent  results  from  each  group  of  20°. 
The  results  are  given  in  divisions  of  the  micrometer  in  which  one  divi- 
sion =  .0567/^. 
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Tempera- 
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45.18 
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9.34 

-55.8 
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—82.9 

76.6 

8.20 

—64.0 

76.6 

8.20 

64  94 

10.42 

+9.4 

65.2 

6.26 

+4.7 

87.6 

8.41 

+23.8 

87.8 

8.43 

75.21 

10  27 
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6.22 

+99.6 

84.9 

8.27 

+108.1 

84.3 

8.21 

85.09 

9.8^ 

+132.2 
Means 

58.9 

5.96 
6.18 

+167.2 

77.6 

7  85 
8.09 

+184.9 

76.8 

7.77 

8.09 

It  will  be  seen  from  a  comparison  of  the  values  of  the  coefficients,  that 
there  is  no  evidence  of  either  a  systematic  increase  or  diminution  in  the 
relative  values  between  the  bronze  the  steel  and  the  glass.  The  approach 
to  constancy  is  as  near  as  could  be  expected,  when  the  inevitable  acci- 
dental errors  of  observation  are  taken  into  account. 

(b)  Results  obtained  from  groups  of  ten  comparisons  and  referred 
to  the  mean  temperatures  33.86°  aud  43.84". 

In  the  following  table  the  residuals  J,  for  (R2— R3),(R2— Ga)  and  R2— Gb) 
between  the  limits  t=  1.77°  and  7  =  54.47°  are  reduced  to  the  mean  tem- 
perature 33.86°  by  means  of  the  provisional  value  of  the  relative  coeffi- 
cient 6.17  dlv.  for  R2  — R3  and  of  8.09  div.  for  R2  —  G.  The  values  of  J 
between  the  limits  r  =  55.970  and  r  =  90.69°  are  reduced  to  73.84°  by 
means  of  the  same  coefficients. 

The  solution  of  the  equations  of  condition  formed  from  the  results  given 
above,  gives  the  following  results : 

Series  I.  Skribs  II. 


OoSfflclent  between  R2  and  R3 
=  _  6.17—0.02  =  —  6.19  dlv.  = 
8.609  /i. 

Coefficient  between  R2  and  Ga 
=  —8.09  +  .094  =  —  7.996  dlv.  = 

—  4.533  fJL. 

Coefficient  between  R2  and  Gb 
=  —  8.09  +  .088  =  —  8.002  dlv.  =• 

—  4.543;i. 

A.    A.    A.   8.   VOL.   XXXVI. 


Coefficient  between  R2  and  RJ 
=  —  6.  7  +  .095  =  —  6.075  dlv.  = 

—  3.444'. 

Coefficient  between  R2  and  G* 
=  —  8.09  +  .032  =—  8.058  div.  a 
—  4.569M. 

Coefficient  between  R2  and  Gb 
=  —  8.09  +  .076^  —  8.014  dlv.  1 

—  4.644/i. 
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The  following  value  of  the  absolute  coefficients  for  R2  is  adopted,  viz. : 
17. 17  [J-  for  each  degree  centigrade  for  one  meter  =  8.722  /*  for  each  degree 
Fahr.  for  one  yard.     Hence : 

Goeff.  of  R3  from  Series  I  =  5.213  fJ-    Coeff.  of  Ga  from  Series  I  =  4.189;i 
"       ""        "        "    11  =  5.278 /i       "       "     "      "         "    II  =  ^.ISS.'i 
Coeff.  of  Gb  from  Series  I  =  4.179/'^ 
"      "  "        "         "     II  =  4.178/A 
As  far  as  these  observations  are  concerned,  when  combined  in  the  man- 
ner indicated,  the  steel  bar  shows  a  slight  increase  in  the  value  of  its  co- 
efficient with  respect  to  R2  foi'  an  increase  of  the  temperature,  while  the 
glass  bar  shows  a  slight  decrease.     The  difference  in  either  case  is  less 
than  the  correction  due  to  accidental  errors  of  observation. 

The  solution  of  equations  of  conditions  formed  by  combinations  into 
groups  of  five  values  each,  gives : 

Relative  coeff.  bet.  R^  and  R3  =  —6.17—0.033  =  —6.203  div.  ==  — 3.517;u. 
Relative  coeff.  bet.  R^  and  Ga  =  —8.09— 0.017  =—8.107 div.  =  —4.596/1. 
Relative  coeff.  bet.  R^  and  Gb  =—8  09— 0.014  =  —8.104 div.  =  — 4.595/£. 
Hence  for  the  absolute  coefficients  we  have : 
Ra   =  5.205;x. 
Ga  =  4.126/i. 
Gb  =  4.127;i. 
Converting  to  centigrade  and  from  the  yard  to  the  meter  as  a  unit 
we  kave : 

R3  =  10.246Ai  for  one  meter. 
Ga  ==  7.427  i«  for  one  yard. 
Gb  =  7.429  (J-  for  one  yard. 
From  the  Proceedings  of  the  American  Microscopical  Society  for  1885, 
page  157,  we  find  from  observations  made  and  published  long  before  the 
present  series  was  commenced  (and  from  the  Proceedings  of  the  Ameri- 
can Academy  of  Arts  and  Sciences  for  1882,  page  385)  that : 
The  coefficient  of  R3  =  10.250  /^  for  one  meter. 
The  coefficient  of  G  =  7.400  for  one  yard. 
The  verification  of  the  constancy  of  the  coefficients  for  bronze,  steel  and 
glass,  seems,  therefore,  to  be  completely  established,  not  only  as  regards 
the  temperature,  but  also  as  regards  the  age  of  the  metals  employed. 


Detkrmination  of  the  coefficients  of  expansion  of  the  glass  plates 
used  fok  stellak  photography  at  cokdoba  in  the  yeau8  1872  to 
1875  AND  1879  TO  1883.    By  Prof.  Wm.  A.  Rogeks,  Waterville,  Me. 

[ABSTRACT.] 

The  following  determination  of  the  coefficients  of  expansion  of  the  glass 
plates  used  by  Dr.  Gould  in  his  photographic  observations  at  Cordoba 
depends  on  comparisons  of  a  decimeter  traced  upon  two  specimens  of  the 
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glass  sent  to  me  for  this  Investigation,  with  the  following  standards  of 
length,  viz : 

(a)  The  first  decimeter  of  my  standard  meter  upon  Baily's  metal  and 
designated  R . 

(6)  Tlie  first  decimeter  upon  ray  standard  meter  upon  Jessup's  steel 
designated  K3. 

(c)  The  first  decimeter  upon  a  standard  meter  upon  glass  belonging 
to  the  Standards'  Department  of  the  British  Board  of  Trade.  It  is  desig- 
nated G. 

No  pains  were  talien  to  make  the  transfers  very  exact  inasmuch  as  the 
object  was  the  determination  of  the  law  of  expansion  rather  than  the  ab- 
solute lengths  of  the  transfers. 

The  observations,  sixty  in  number,  extend  from  March  17  to  July  10, 1887. 
An  observation  is  to  be  understood  as  a  comparison,  consisting  of  eiglit 
readings,  of  the  two  decimeters  upon  the  glass  selected  with  the  decime- 
ters R2,  R  and  G.  The  values  R2 —  (1),  R3—  (1),  G—  (1),  represent  the 
diflference  in  length  between  the  decimeters  R2,  R3  and  G,  and  the  decime- 
ter upon  specimen  number  (1)  which  represents  the  kind  and  quality  of 
glass  used  between  1872  and  1875.  The  residuals  R2 — (2),  R3  — (2), 
G  —  (2),  result  from  similar  comparisons  for  the  kind  and  quality  of  glass 
used  in  the  series  of  photographs  made  in  the  years  1879  to  1883. 

The  following  are  the  equations  of  condition  formed  by  the  substitution 
of  the  observed  data  in  the  equation, 

A  =  a-\-  (62.00  — t)  6 
in  which 

J  =  the  observed  values  R2 —  (1),  R3 —  (1),  etc. 

a  =  the  difference  in  length  between  R2  and  (1),  Rg  and  (1),  etc.,  at 
62.0°  Fahrenheit. 

6  =  the  relative  coefficient  of  expansion  between  (1")  and  the  selected 
standard  decimeters  for  each  degree  Fahrenheit. 

The  following  normal  equations  result  from  the  solution  of  six  equations, 
each  equation  resulting  from  ten  observations.  The  known  terms  are  ex- 
pressed in  terms  of  divisions  of  the  micrometer,  the  value  of  one  division 
being  0.567a. 

R2With  (I) 

6 a -t- 100.19  6= +  325.2 
100.19a -f  4066.3  6  =  +8354.6 

b  =  —  0.087  div. 
a  =  +  68.7  dlv. 

B2  with  (2) 

6a  +  100.19  6  =  +  183.9 
100.19O  +  4056.3  6  =  +  122.2 
b  =.  0.902  dlv. 
a  =  +  45.7 
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E3  with  (1) 

.  .  .  +  390.3 

.  .  .  -f  5972.1 
;.  .  =  — 0.233  div. 
.  .  .  =  4- 69.1  div. 

R3  Witli  (2) 

...+ 250.1 
...  4-  3494.9 
...  —  0.286  div. 
...+48.5 

G  With  (1) 

.  .  .  +  278.4 
...+ 4682.9 
...  —  0.028  div. 
...+46.7  div. 

G  with  (2) 

.  .  .  +  136.2 
.  .  .  +  2107.0 
...  —  0.072 
.  .  .  +  23.9 

The  following  values  have  been  adopted  for  the  absolute  coefficients  of 
E2,  Ha  and  G,  for  each  degree  Fahrenheit  and  for  the  length  of  one  decime- 
ter. [See  Proceedings  of  the  American  Microscopical  Society  for  1885, 
page  157,  and  Proceedings  of  the  American  Academy  of  Arts  and  Sciences 
for  1882,  page  385.] 

Coefficient  of  R2  one  decimeter  =  0.954  ^ 
Coefficient  of  R3      "  "         =  0.570  yu 

Coefficient  of  G       "  "         =  0.447  ^a 

Giving  to  the  comparisons  with  E2  a  weight  of  1  and  to  those  with  Es 
and  G  a  weight  of  3  each,  we  have  the  following  final  results : 

Coefficient  of  (1)     weight  Coefficient  of  (2)     weight 

JFrom  E2  0.460  ;t        1  0.443  ;a  1 

E3  0.438  ;i        3  0.408  3 

G   0.431 /i        3  0.406  3 

Adopted  value  of  (1)  =  0.438  ix.    Adopted  value  of  (2)  =  0.412  [i. 


A  STUDY  OF    THIRTY-TWO  MERCURIAL  THERMOMETERS  UNDER  VARIATIONS 
OF   TEMPERATURE  BETWEEN  THE  LIMITS  — 29°  AND   +95°  FAHRENHEIT. 

By  Prof.  Wm.  A.  Eogers,  Waterville,  Me. 

[ABSTRACT.] 

This  investigation  was  undertaken  for  the  purpose  of  establishing  the 
real  values  of  the  corrections  to  be  applied  at  very  low  temperatures. 
Thirty  low  temperature  thermometers  of  the  signal  service  pattern  have 
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already  been  compared  with  the  two  sensitive  standards  belonging  to  the 
writer  since  January  of  the  present  year.  The  total  number  of  compari- 
sons thus  far  made  Is  a  little  over  16,000.  A  large  share  of  the  compari- 
sons have  been  made  with  the  aid  of  a  telescope  of  two  Inches  aperture. 

After  the  correction  for  calibration  for  each  of  these  thermometers  has 
been  applied,  It  is  expected  that  the  mean  correction  for  the  entire  series 
will  contain  only  the  error  due  to  the  departure  of  mercury  from  uniform 
expansion  at  very  low  temperatures.  In  order  to  ascertain  the  value  of  any 
correction  of  this  kind  which  may  exist,  the  changes  In  length  of  a  column 
of  mercury,  one  meter  In  length  and  having  a  nearly  uniform  diameter  of 
seven  tenths  of  a  millimeter,  will  be  determined  for  extreme  variations  of 
temperature. 

It  is  expected  that  the  series  of  observations  undertaken  will  be  com- 
pleted in  March,  1888. 

A  METHOD    OF    COMPARING    GALVANOMETER    COILS.        By  Dr.    JOSEPH    J. 

Skinner,  Mass.  Inst.  Technology,  Boston,  Mass. 

[ABSTRACT.! 

Thb  two  colls  to  be  compared  are  fastened  together  concentrically,  and 
with  their  mean  planes  as  nearly  as  can  be  judged  coincident  and  in  the 
meridian.  A  magnetic  needle  is  hung  in  the  common  axis  at  a  measured 
distance  from  a  point  of  reference  made  by  cross  threads  at  the  common 
centre  of  the  coils.  A  divided  current  Is  sent  through  the  colls  in  opposite 
directions,  and  a  resistance  in  one  branch  is  adjusted  till  the  currents  pro- 
duce a  null  effect  on  the  needle.  The  resistances  of  the  coll  circuits  are 
then  Immediately  measured.  The  rigidly  connected  colls,  with  the  at- 
tached cross  threads,  are  next  turned  through  180®,  and  the  distance  from 
the  point  of  reference  to  the  needle  made  exactly  the  same  as  before. 
The  divided  current  Is  again  adjusted  to  give  a  null  effect  on  the  needle, 
and  the  resistances  of  the  coil  circuits  are  again  measured. 

If  the  mean  plane  of  a  coil  be  defined  as  a  plane  such  that  at  equal  and 
large  distances  on  each  side  of  it  in  the  axis,  a  magnet  needle  will  be 
equally  deflected,  let  x  and  y  denote  the  small  and  unknown  errors  of  po- 
sition, or  the  distances  from  the  respective  mean  planes  of  the  colls  to  the 
assumed  central  point  of  reference,  let  R  and  N  denote  the  mean  radius 
and  the  number  of  turns  of  wire  of  the  first  coll,  and  r  and  n  the  corres- 
ponding quantities  of  the  second,  let  Oand  c  denote  the  currents  In  the 
respective  colls  In  their  first  position,  C  and  c'the  currents  In  the  second 
position,  and  e  the  distance  from  tlie  central  point  of  reference  to  the 
needle ;  the  paper  deduces  the  following  approximate  equations  : 

C     C  i 

■«^    r^.^c^  +  ^K  ii-?  _£!_-?     "'"*      \  ^    -^ 4.?  _?!»!_  + 


9e»ary 


(e'  +  i?';(e»-hr»; 


\ (9) 

C       C      r*n(t!*  +  R*)'  <    6  ftc  6ey     ).  .  .  (10) 
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When  it  is  known  that  x  and  y  are  extremely  small,  the  terms  contain- 
ing them  can  be  dropped  from  equation  (9).  If  B  and  iVare  known  and  r 
can  be  measured  approximately,  equation  (9)  then  enables  us  to  calculate 
the  total  area,  Tzr^n,  of  one  coil,  in  terms  of  the  known  elements  of  the 

q 

other,  first  multiplying  the  right  hand  member  of  equation  (9)  by  — ,  where 

Q  is  the  force-correction  at  the  needle  due  to  the  section  of  the  coil  whose 
radius  is  B,  and  q  the  corresponding  correction  for  the  other  coil.  The 
current  ratios  are  known  from  the  measured  resistances. 

If  %  and  y  are  large,  it  will  be  shown  by  a  large  observed  value  of  the 
left  hand  member  of  equation  (10).  In  this  case  equation  (9),  disregard- 
ing X  and  y,  will  still  give  an  approximate  value  of  r'^n.  A  complete  new 
set  of  observations  is  then  made,  with  a  difl"erent  value  of  e.  The  results 
of  the  two  sets  of  observations,  substituted  successively  in  equation  (10), 
with  the  approximate  values  of  r  and  r^n,  give  two  equations  of  the  first 
degree  in  x  and  y,  from  which  these  latter  may  be  found,  and,  being  known, 
they  may  be  used  in  equation  (9)  to  get  a  closer  approximation  to  7:r^n. 

The  paper  shows  that,  if  r  is  liable  to  uncertainty,  rather  large  values  of 
e  are  best  for  finding  r^r^n  ;  also  that  even  if  r  be  liable  to  uncertainty,  but 

if  it  be  possible  to  measure  e  with  sufficient  accuracy,  the  value  e  =  '""^^-^r- 

will  be  best  for  finding  n. 

The  method  is  illustrated  by  an  account  of  several  sets  of  observations 
on  a  pair  of  coils  in  the  Laboratory  of  the  Mass.  Institute  of  Technology. 

A  general  formula  is  also  given  for  finding  the  position  of  a  plane  be- 
tween two  parallel  and  co-axial  coils  of  equal  radius  and  unequal  numbers 
of  turns  of  wire  in  infinitely  small  sections,  such  that  at  equal  distances 
on  each  side  of  the  required  plane  the  force  on  a  needle  in  the  common 
axis  due  to  equal  currents  in  the  wire  of  the  two  coils,  shall  be  equal. 
For  values  of  the  distance  between  the  coils  small  compared  to  the  radius 
the  distance  of  the  required  plane  from  the  half-way  point  between  the 
coils  is  given  as 

6  (n  —  »i)_ 
n-|-  w» 
in  which  6  is  the  half-distance  between  the  coils,  and  m  and  n  are  the 
numbers  of  turns  of  wire  on  the  coils. 


On  thk  electromotivk  force  of  magnetization.  By  Dr.  Edward  L. 
Nichols  and  William  S.  Franklin,  University  of  Kansas,  Lawrence, 
Eans. 

[ABSTRACT.] 

If  two  electrodes  of  Iron  or  steel  be  submerged  in  a  liquid  capable  of 
dissolving  iron  and  the  free  ends  be  connected  metallically,  permanent 
electric  currents  will  be  developed  in  the  circuit  thus  formed  whenever 
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the  magnetic  condition  of  the  electrodes  differs  or  whenever  they  are  sit- 
uated in  magnetic  fields  of  unequal  intensity. 

The  electromotive  force  to  which  these  currents  are  due  we  propose  to 
call,  for  want  of  a  better  name,  the  electromotive  force  of  magnetization. 
Two  different,  and  we  believe  quite  distinct,  effects  are  comprised  under 
this  term. 

Effect  (a)  is  produced  by  magnetization  of  the  electrode.  To  this  effect 
it  is  not  essential  that  the  reaction  between  the  iron  and  the  liquid  take 
place  within  the  magnetic  field. 

Effect  (6)  occurs  when  the  reaction  takes  place  within  the  magnetic  field. 
The  currents  due  to  effect  (a)  have  already  been  investigated  and  described 
by  Dr.  Theodore  Gross.'  The  study  of  the  Influence  of  magnetism  upon 
the  chemical  behavior  of  iron  has  led  the  present  authors  to  the  discovery 
of  the  effect  (b).  A  description  of  their  investigations  forms  the  substance 
of  this  paper. 

A  variety  of  experiments  were  tried  to  determine  the  conditions  of  the 
formation  of  these  currents  and  the  following  points  were  established.' 

(1).  The  E.  M.  F.  developed  when  one  of  the  electrodes  is  placed  within 
a  magnetic  field  is  not  principally  due  to  structural  change  in  the  magne- 
tized electrode. 

(2).  The  E.  M.  F.  under  consideration  is  not  that  due  to  magnetization 
merely  (effect  a)  but  depends  upon  the  reaction  between  the  iron  and  liquid 
occurring  within  the  magnetic  field. 

(3).  The  E.  M.  F.  between  the  electrode  within  the  field  and  that  acted 
upon  by  the  same  liquid  outside  of  the  field  varies  with  the  liquid  used 
from  a  very  small  quantity,  much  less  than  the  one  hundred  thousandth  of 
a  volt  to  several  hundredths  of  a  volt. 

(4).  The  E.  M.  F.  increases  as  a  rule  with  the  strength  of  the  electro- 
lyte ;  i.  e.,  with  the  rapidity  of  the  reaction. 

(6).  The  E.  M.  F.  Is  very  much  greater  where  the  result  of  the  reaction 
is  a  ferric  salt  than  where  a  ferrous  salt  Is  formed. 

(6).  The  E.  M.  F.  Increases  with  the  strength  of  the  field  although  not 
in  direct  proportion  to  the  latter. 

(7).  The  direction  of  tlie  current  depends  upon  the  position  (with  ref- 
erence to  the  Induced  poles  in  the  electrode)  of  the  portion  of  the  latter 
exposed  to  the  liquid.  Portions  of  the  surface  located  near  the  poles  of 
the  magnetized  electrode  become  as  zinc  In  their  voltaic  relation  to  the 
iron  not  within  the  field,  whereas  neutral  regions  between  the  Induced 
poles  tend  to  become  as  platinum  to  an  electrode  outside  of  the  field. 

(8).  The  E.  M.  F.  depends  upon  the  distance  between  the  poles  in- 
duced in  the  electrode.  An  experiment  with  two  small  bars  of  Norway 
iron  of  different  lengths  but  equal  in  cross  section,  the  bars  being  placed 
in  turn  parallel  to  the  lines  of  force,  the  ends  only  exposed  to  the  acid, 
showed  the  E.  M.  F.  between  the  end  of  the  bar  and  an  electrode  of  simi- 
lar iron  outside  of  the  field  to  be  much  greater  for  the  louger  bar  (approx. 

*  Sitzangsberichte  der  Wiener  Akademie  Bd.  92. 1886. 

*  American  Journal  of  Science,  III,  Vol.  31,  p.  272, 1886. 
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imately  proportional  to  the  squares  of  the  distances  between  the  induced 
poles. 

(9).  The  E.  M.  F.  between  an  iron  electrode  and  one  of  copper  or  plat- 
inum is  modified,  when  the  cell  is  placed  within  the  magnetic  field,  in  a 
manner  similar  to  that  between  iron  electrodes. 

It  follows  from  the  above  that  when  iron  is  acted  upon  by  acids  or  other 
reagents  in  the  magnetic  field,  local  voltaic  action  will  occur  between  those 
portions  of  the  iron  which  become  magnetic  poles  and  the  intermediate 
neutral  parts,  the  poles  becoming  as  zinc  the  neutral  regions  as  platinum. 
To  this  local  action  are  to  be  ascribed  we  believe  those  peculiarities  of 
chemical  action  in  the  magnetic  field  which  formed  the  subject  of  a  recent 
paper,  already  cited.  The  power  of  magnetism  to  destroy  the  passivity  of 
iron  in  nitric  acid  to  which  attention  was  called  in  that  paper,  and  which 
we  have  since  treated  at  greater  length  elsewhere,^  is  doubtless  due  to 
these  local  currents. 


A  METHOD  OF  TELEPHONIC  COMMUNICATION  BETWEEN   SHIPS  AT    SEA.      By 

Prof.  LuciEN  I.  Blake,  Rose  Poly.  Inst.,  Terre  Haute,  Ind. 
[abstract.] 
In  February,  1883,  while  investigating,  at  Berlin,  the  experiments  of 
Colladon  and  Sturm  on  the  velocity  of  sound  through  Lake  Geneva,  the 
writer  devised  the  following  practical  method  of  telephonic  signalling  be- 
tween ships  at  sea.  Actual  experiment  upon  the  method  was  begun  upon 
return  to  the  United  States  in  June,  1883,  and  continued  to  the  present 
time.  In  the  metliod,  as  outlined  in  1883,  steamships  were  to  be  provided 
with  steam  sound-producing  apparatus  under  water;  the  water  would 
transmit  the  signals  in  all  directions;  specially  devised  microphonic 
transmitters  attached  under  water  to  vessels  were  to  connect  with  tele- 
phones within  the  vessels,  and  to  take  up  the  sound  out  of  the  water;  the 
transmitters  for  protection  were  to  be  placed  in  tubes  opening  to  the  water 
near  the  keel,  projecting  up  through  the  hull  and  plugged  at  their  upper 
ends  to  prevent  the  flow  of  water  into  the  vessel.  Sailing  craft,  buoys, 
lighthouses,  etc.,  were  to  be  provided  with  bells  under  water;  transmitters 
for  small  craft  were  to  be  cones,  with  membranes  across  their  large  ends, 
and  with  apices  applied  to  the  ear.  Experiments  were  conducted  on  Taun- 
ton River  and  ofi"  Newport,  R.  I.,  in  1883;  on  Long  Island  Sound  in  1884; 
on  the  Wabash  River  at  Terre  Haute,  Indiana,  in  1885-86-87.  Signals 
were  transmitted  and  received  from  submerged  locomotive  bells  from  one- 
half  to  one  and  one-half  miles,  and  under  varying  conditions  of  weather 
and  of  the  water.  The  first  apparatus  consisted  of  a  modified  Ader  mi- 
crophone for  transmitter  under  water  with  Bell  receiver  in  the  vessel. 
With  this,  signals  were  received  in  1883  from  a  boat  one-half  mile  distant. 

*  Proceedings  of  the  Kansas  Academy  of  Sciences,  1885-86. 
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The  next  trjinsmltter  was  simply  a  diaphragm  in  voltaic  clrcnit  with  a  Bell 
receiver.  This  diaphragm  was  made  of  carbon  granules  embedded  in  rub- 
ber cement.  The  diaphragm  vibrations  from  the  sound  waves  in  the  water 
produced  varying  pressures  at  the  carbon  contacts,  which  caused  the  un- 
dulatory  current  for  the  receiver.  The  next  transmitters  were  constructed 
of  a  wooden  diaphragm  resting  against  buttons  made  of  the  above  de- 
scribed carbon  granulation  in  rubber  or  celluloid.  These  buttons  were  in 
voltaic  circuit  with  an  induction  coil  and  Bell  receiver.  All  these  trans- 
mitters received  sound  clearly  out  of  the  water  through  varying  distances 
up  to  one  and  one-half  miles.  Probably  with  a  source  of  sound  louder 
than  a  locomotive  bell  the  distance  would  be  greatly  increased.  At  pres- 
ent larger  diaphragms  are  being  made  and  here  the  experiments  rest. 


Experimental  detkrmination  of  minimum  velocity  of  wind  in  the 
Washington,  Ohio,  tornado.  By  Prof.  C.  Leo  Mees,  Athens,  Ohio. 

[ABSTRACT.] 

Straws  penetrated  wood  to  a  depth  of  ^2"  -  iV"  impelled  by  the  force 
of  the  wind  in  the  tornado.  The  phenomenon  was  reproduced  in  the  lab- 
oratory by  means  of  an  air  current  and  the  velocity  of  the  straws  measured. 
Result  135-160  miles  per  hour. 


Certain  phenomena  produced  by  the  explosion  of  gun  cotton  on 
metallic  plates.  By  Prof.  Charles  E.  Munroe,  U.  S.  N.,  Torpedo 
Station,  Newport,  R.  I. 

[abstract.] 

A  description  was  given  of  the  results  obtained  when  gun  cotton,  upon 
wliich  certain  figures  had  been  produced,  was  detonated  on  iron  plates. 
Various  experiments  have  been  made  to  discover  the  cause  of  these  phe- 
nomena and  several  theories  have  been  suggested  to  account  for  them. 
The  paper  was  illustrated  by  the  exhibition  of  specimens. 


The  simultaneous  measure-ment  of  the  speed  of  an  engine  and 
DYNAMO  BY  ELECTRICITY.  By  Prof.  H.  S.  Carhajit,  Aun  Arbor, 
Mich. 

[ABSTRACT.] 

The  apparatus  employed  is  Cushing's  so-called  velociraeter.  It  con- 
sists of  a  time  marlcer  and  a  recorder.  The  first  is  a  reed  which  vibrates 
one-hundred  and  fifty  times  per  second  and  opens  and  closes  an  electric 
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circuit  at  every  vibration.  The  recorder  is  a  device  for  drawing  a  strip 
of  sensitized  paper  between  tliree  iron  points  or  pens  and  a  metallic  wheel. 
The  pens  are  connected  with  the  positive  pole  of  a  suitable  battery  and 
the  wheel  with  the  negative.  One  pen  includes  the  reed  and  makes  one- 
hundred  and  fifty  blue  marks  per  second  on  the  paper.  The  circuits  of 
the  second  and  third  are  interrupted  at  every  revolution  of  the  engine 
and  dynamo  respectively.  Hence  the  simple  process  of  counting  the  blue 
marks  gives  the  speed  of  both  engine  and  dynamo ;  and  if  the  diameters 
of  the  driving  wheel  and  the  pulley  are  known,  it  gives  also  the  slip  of  the 
belt.  Specimens  of  the  record  obtained  with  a  Ball  engine  and  a  Thom- 
son-Houston dynamo  were  exhibited. 


A    NEW    DYNAMOMETER    WITH    WORKING    MODEL.        By   Prof.     J.    BURKITT 

Webb,  Stevens  Institute  of  Technology,  Hoboken,  N.  J. 
[abstract.] 

This  dynamometer  is  upon  the  same  principle  as  the  well  known 
"Brackett  Cradle"  for  the  measurement  of  the  power  absorbed  by  a  dy- 
namo; it  is,  however,  designed  to  avoid  difficulties  sometimes  met  with 
in  the  use  of  the  same.  The  dynamometer  consists  of  one  or  more  tanks 
in  which  are  floated  an  equal  number  of  smaller  tanks  of  such  size  that  the 
total  volume  of  water  displaced  shall  equal  in  weight  the  dynamo  to  be 
experimented  upon,  plus  the  weight  of  the  platform  and  other  necessary 
parts  including  some  movable  weights,  by  which  the  position  of  the  centre 
of  gravity  may  be  adjusted.  These  tanks  are  placed  at  the  four  corners 
of  a  platform  upon  which  the  dynamo  stands  near  its  centre,  and  their 
position  with  reference  to  each  other  and  to  the  dynamo  is  so  arranged 
that  the  equilibrium  of  the  whole — dynamo,  platform  and  floating  tanks — 
about  an  axis  perpendicular  to  the  dynamo  shaft  is  almost,  if  not  quite, 
neutral ;  while  about  an  axis  parallel  thereto,  its  stability  is  such  as  to  give 
the  amount  of  sensibility  desired  in  the  experiment. 

In  addition  to  controlling  the  stability  by  the  position  of  the  floating 
tanks,  it  may  also  be  changed  by  placing  weights  either  in  the  bottom  or 
on  top  of  the  floating  tanks,  the  stability  being  increased  by  the  removal 
of  weights  from  the  top  to  the  bottom.  The  adjustment  of  the  centre  of 
gravity  of  the  floating  mass  In  the  same  vertical  as  the  "centre  of  buoy- 
ancy", when  the  platform  is  level,  is  made  by  the  movement  of  weights  on 
the  platform,  while  the  centre  of  the  dynamo  shaft  Is  brought  into  the 
same  vertical  by  moving  the  dynamo  itself,  the  test  of  its  coincidence  with 
this  vertical  being  that  a  weight  hung  upon  the  shaft  shall  produce  no  tilt- 
ing of  the  platform.  A  vertical  adjustment,  to  bring  the  dynamo  shaft  on 
the  same  level  with  the  driving  shaft  is  made  by  altering  the  amount  of 
water  in  the  outer  tanks  and,  by  means  of  accurate  spirit  levels  placed 
upon  the  platform,  this  adjustment  can  be  made  with  the  greatest  accu- 
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racy.  The  outer  tanks  are  mutually  connected  with  rubber  hose  so 
that  the  water  may  stand  at  the  same  level  in  all,  the  tanks  so  connected 
having,  however,  this  advantage  over  one  large  tank  and  float,  that  oscil- 
lations are  to  a  considerable  extent  prevented  because  the  additional  wa- 
ter displaced  (technically  the  "wedge  of  immersion")  by  a  tilting  of  the 
flouting  mass  must  flow  slowly  through  the  tubes  to  the  opposite  tanks. 
The  tilting  of  the  platform  is  measured  l)y  attaching  a  mirror  thereto  and 
observing  with  a  telescope  the  reflection  of  a  scale,  or  by  means  of  a  level 
attached  to  the  platform ;  or  the  platform  can  be  maintained  level  by  a 
weight  moved  along  a  graduated  scale  beam  attached  to  the  platform,  the 
position  of  which  on  the  beam  must  of  course  be  carefully  noted  in  each 
experiment.  This  dynamometer  allows  the  dynamo  shaft  to  be  coupled 
directly  to  a  driving  shaft  or  to  be  run  by  a  belt  from  one  side,  in  which 
latter  case  the  pull  of  the  belt  must  be  opposed  by  a  strut  having  journals 
in  one  end  for  the  driving  shaft  and  iu  the  other  for  the  dynamo  shaft;  the 
friction  of  these  journals  and  the  weight  of  this  strut  introduce  no  inac- 
curacies in  the  experiments.  From  the  above  description  it  will  be  seen 
that  this  dynamometer  furnishes  the  needed  support  for  the  dynamo  to  be 
tested  and  no  more,  leaving  it  free  to  float  into  the  correct  position  with 
respect  to  the  driving  shaft,  and  free  on  all  sides  for  connection  with  the 
same  either  "in  line"  or  by  belt;  at  the  same  time  its  adjustments  are 
made  in  the  simplest  manner  and  it  is  free  from  all  friction,  so  that  the 
most  delicate  indications  may  be  expected  from  it. 

[A  full  description  of  the  two  forms  of  this  dynamometer  —  the  "Floating 
Dynamometer  with  Floating  Caissons  "  and  the  "  Floating  Dynamometer 
with  submerged  Caissons,"  will  be  found  in  the  New  York  "  Electrical 
World  "  for  Sept.  10  and  17,  1887.] 


The  electricai,  condition  of  the  atmosphere  in  fair  weather  and 
DuiUNG  A  THUNDER  STORM.  By  Prof.  T.  C.  Mendenhall  and  A.  S. 
McRae,  Terre  Haute,  Ind. 

[ABSTRACT.] 

Observations  with  quadrant  electrometer  and  water-dropping  col- 
lector, covering  a  considerable  number  of  days  on  which  no  clouds  were 
visible,  go  to  show  that  under  such  conditions  the  air  is  universally  elec- 
trically positive.  The  very  few  exceptions  in  which  negative  electrifica- 
tion appeared  for  a  moment  or  two  are  doubtless  explainable  as  being 
due  to  accidental  disturbances.  The  degree  of  electrification  is  tolerably 
constant  during  the  day,  with  indications  of  a  maximum  in  the  morning. 
During  the  passage  of  a  thunderstorm,  however,  the  variations  In  potential 
are  very  marked  and  the  changes  often  very  rapid.  In  general,  the  air  at 
first  becomes  negative  and  somewhat  steadily  so ;  but  at  the  beginning  of 
the  fall  of  rain,  violent  fluctuations  from  low  negative  to  high  positive  take 
place,  and  these  generally  continue  until  after  the  storm  has  passed,  when 
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the  potential  generally  becomes  steadily  positive.  Potential  as  high  as 
many  thousands  of  volts  are  observed,  accompanied  by  sparking  in  the  ap- 
paratus. It  appears  that,  in  general,  the  appearance  of  negative  potential 
is  coincident  with  the  appearance  of  rain,  either  at  the  station  or  near  by. 
It  cannot  be  said  to  precede  the  rain  with  certainty,  although  this  some- 
times happens. 


On  a  magnetic  bridgr  or  balance  for  measuring  magnetic  conduc- 
tivity.   By  Dr.  Thomas  A.  Edison,  Orange,  New  Jersey. 
Iabstract.] 

Perhaps  no  electric  measuring  instrument  has  proved  more  useful  in 
practice,  especially  if  we  consider  the  various  forms  which  it  has  assumed, 
than  the  device  contrived  by  Christie  and  commonly  known  as  Wheat- 
stone's  bridge.  It  was  with  the  belief  that  a  similar  instrument  could  be 
constructed  which  should  perform  the  same  service  for  magnetic  measure- 
ments, that  the  experiments  were  made  the  results  of  which  I  have  the 
honor  now  to  present  to  the  Section. 

The  Wheatstone  bridge  is  based  upon  the  fact  that  if  two  points  of  dif- 
ferent electric  potentials  are  united  by  two  conducting  paths  the  fall  of 
potential  along  these  paths  is  absolutely  the  same  provided  that  these 
paths  are  absolutely  alike  electrically.  Consequently,  if  two  points  equi- 
distant from  the  place  of  higher  potential  be  connected  together,  no  cur- 
rent will  flow  through  the  connecting  wire.  So,  by  analogy,  if  two  points 
be  maintained  at  a  constant  difference  of  magnetic  potential,  the  fall  of 
potential  from  one  to  the  other  through  two  or  more  paths  will  be  abso- 
lutely uniform  in  all  provided  these  paths  be  magnet  ically  identical.  Hence 
at  any  two  points  equidistant  from  a  given  terminal,  the  magnetic  poten- 
tial is  the  same  and  these  points  would  be  without  diflerential  action  upon 
a  magnetic  pole. 

The  magnetic  bridge  may  be  constructed  in  the  form  of  a  rhomb,  the 
typical  form  of  the  Wheatstone  bridge.  For  this  purpose  the  four  sides 
are  made  of  the  purest  Norway  iron  as  soft  as  possible  and  thoroughly 
annealed.  To  the  acute  angles  of  the  rhomb  are  connected  the  poles  of  a 
long  U-shaped  electromagnet  whose  function  is  to  develop  the  desired 
magnetic  potential-difl"erence  at  these  points.  Connected  to  the  two  ob- 
tuse angles,  and  projecting  inward,  are  two  bars  of  Norway  iron  similar  in 
section  to  those  forming  the  sides.  Their  inner  ends,  which  are  hollowed 
out,  approach  to  within  about  a  half  inch  of  each  other.  Between  these 
ends  a  stirrup  is  suspended  by  means  of  a  silk  fibre,  which  stirrup  carries 
a  short  needle  consisting  of  a  thin  tube  of  hardened  steel  well  magnetized. 
To  the  stirrup  is  attached  either  a  pointer  moving  over  a  graduated  arc, 
or  better  a  mirror  by  means  of  which  the  deflection  can  be  read  in  the 
usual  way  with  a  lampstand  and  scale. 
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In  the  Instrument  now  in  use  in  my  laboratory  the  magnetic  bridge  is 
in  the  form  of  a  rectangle,  the  ends  or  poles  of  the  electromagnet  being 
connected  to  the  middle  of  the  short  sides,  while  the  bars  which  pass  in- 
ward to  the  needle  are  joined  to  the  middle  of  the  longer  sides.  The  four 
halves  of  these  longer  sides  constitute  the  sides  of  the  bridge.  The  two 
at  one  end  of  the  rectangle  are  fixed,  the  two  at  the  other  end  are  mova- 
ble. The  two  bars  which  pass  inward  to  the  needle  are  curved  so  as  to 
form  a  semicircle  standing  above  the  plane  of  the  rectangle.  The  needle 
itself  Is  similar  in  construction  to  that  above  described  but  is  suspended 
by  a  wire  attached  to  a  torsion  head.  A  photograph  of  this  apparatus  I 
have  the  pleasure  of  exhibiting  to  the  section. 

It  will  be  readily  seen  that  when  the  electromagnet  Is  charged,  a  con- 
stant difference  of  magnetic  potential  is  maintained  at  the  two  ends  of  the 
rectangle,  so  that  if  the  four  bars  constituting  the  sides  of  the  bridge  are 
magnelically  idenlicai,  there  will  be  no  difierence  of  magnetic  potential 
between  the  ends  of  the  bars  which  pass  to  the  needle  and  hence  there 
will  be  no  deflection.  But  if  one  of  the  movable  bars  be  loosened,  the 
needle  is  at  once  deflected,  and  In  a  direction  depending  upon  the  side 
the  bar  occupies.  If  the  bar  be  entirely  removed  the  deflection  is  a  max- 
imum of  course.  And  if  it  be  replaced  by  another  bar  differing  in  cross 
section,  in  quality  of  Iron,  or  in  any  other  way  which  affects  the  mag- 
netic conductivity  through  the  bridge,  the  deflection  shows  at  once  the 
amount  of  difierence  between  that  bar  and  the  original  one  taken  as  a  stand- 
ard. The  instrument  is  extraordinarily  delicate  and  the  principal  dlflii- 
cultles  encountered  In  using  It  have  arisen  In  the  attempt  to  preserve  this 
delicacy  while  at  the  same  time  the  range  of  the  apparatus  is  maintained. 
The  magnetic  bridge  was  devised  for  the  purpose  of  testing  readily  the 
quality  of  the  iron  purchased  for  the  construction  of  dynamos.  Very  great 
variations  are  observed  in  Irons  supposed  commercially  to  be  of  the  same 
quality.  Consequently  the  potential  difference  developed  by  a  dynamo 
having  field  cores  of  such  iron  can  never  be  exactly  calculated.  But  by 
comparing.  In  the  magnetic  bridge,  the  Iron  which  is  to  be  thus  used,  its 
exact  value  for  dynamo  purposes  may  be  determined  and  the  constants  of 
the  generator  thus  accurately  calculated  in  advance. 

But  this  bridge  It  would  seem  will  be  equally  useful  for  testing  Iron  and 
steel  for  other  purposes.  By  its  means  not  only  may  the  character  and 
quality  of  the  metal  be  ascertained  in  terras  of  any  desired  standard,  but 
flaws  in  the  interior  of  a  bar  such  as  a  car  axle  may  be  discovered  at  once. 
Constructed  with  sufficient  care  and  attention  to  details,  the  magnetic 
bridge  may  witliout  doubt  be  made  a  most  valuable  instrument  of  preci- 
sion for  tlie  furtherance  of  scieutltlc  research.  The  theory  of  its  action  is 
extremely  simple  and  it  is  the  exact  counterpart  of  an  ordinary  Wheat- 
stone  bridge  constructed  for  measuring  low  resistance  and  Immersed  in 
salt  water,  since  now  whatever  Is  true  electrically  of  the  one  Is  true  mag- 
netically of  the  other.  Not  only  may  the  laws  of  magnetic  conductivity 
be  Investigated  by  means  of  this  balance  for  all  para  and  diamagiietlc  bodies 
but  the  variation  of  this  conductivity  under  the  action  of  various  physical 
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agencies  such  as  heat,  pressure,  stress,  etc.,  may  be  determined.  It  Is  in 
the  belief  that  this  instrument  may  contribute  something  to  the  advance- 
ment of  electrical  science  and  with  the  hope  that  it  may  do  so,  that  I  ven- 
ture to  bring  it  to  the  notice  of  my  fellow  members  of  the  American 
Association. 


On  the  PYROMAGNETIC  dynamo  :  A  MACHINE  FOR  PRODUCING  ELECTRICITY 

DIRECTLY  FROM  FUEL.    By  Dr.   Thomas  A.   Edison,  Orange,  New 

Jersey. 

[abstract.] 

The  production  of  electricity  directly  from  coal  is  a  problem  which  has 
occupied  the  closest  attention  of  the  ablest  inventors  for   many  years. 

Could  the  enormous  energy  latent  in  coal  be  made  to  appear  as  electric 
energy  by  means  of  a  simple  transforming  apparatus  which  accomplishes 
its  result  with  reasonable  economy,  it  will  be  conceded  probably  that  the 
mechanical  methods  of  the  entire  world  would  be  revolutionized  thereby 
and  that  another  of  those  grand  steps  of  progress  would  be  taken  of  which 
the  nineteenth  century  so  justly  boasts. 

The  simple  production  of  a  potential  difference  by  means  of  heat  is  as 
old  as  Seebeck  and  Melloni.  The  science  of  thermo-electricity  thus  orig- 
inated has  been  developed  by  Becquerel,  by  Peltier,  by  Thomson  and  by 
Tait,  and  the  thermo-batteries  of  Clamond  and  of  Noe  have  found  many 
important  practical  uses.  The  results  already  attained  in  these  generators 
have  stimulated  research  marvellously,  and  many  investigators  have  be- 
lieved that  in  this  direction  lay  the  philosopher's  stone.  Our  fellow  mem- 
ber, Moses  G.  Farmer,  worked  long  and  assiduously  in  this  field  producing, 
it  is  believed,  the  most  satisfactory  results  as  regards  economy  which  have 
ever  been  obtained ;  but  even  these  results  were  not  very  encouraging. 
He  never  succeeded  in  converting  one  per  cent  of  the  energy  of  the  coal 
into  electric  energy.  Quite  i-ecently  Lord  Kayleigh  has  discussed  with 
his  well-known  ability,  the  law  of  efficiency  of  the  thermo-battery  from 
the  standpoint  of  the  second  law  of  thermodynamics,  and  he  concludes 
that  for  a  copper-iron  couple,  working  between  the  extreme  limits  of  tem- 
perature possible  for  these  metals,  a  conversion  of  not  more  than  one  three- 
hundredth  part  of  the  coal  energy  can  be  hoped  for.  While,  therefore,  as 
a  heat-engine  the  therrao-cell  appears  to  follow  precisely  the  law  of  Car- 
not  and  hence  may  have  a  theoretical  maximum  efficiency  equal  to  that  of 
the  reversible  engine  of  this  eminent  philosopher;  yet,  in  practice,  its  effi- 
ciency falls  very  far  below  this  theoretical  maximum. 

It  therefore  follows  that  if  the  result  hoped  for  is  to  be  attained  at  all, 
it  must  obviously  be  looked  for  in  some  other  direction  than  in  that  of  the 
thermo-cell.  In  considering  the  matter,  another  line  of  investigation  sug- 
gested itself  to  me,  the  results  of  which  I  have  the  honor  now  to  submit 
to  my  fellow  members  of  the  Physical  section.  It  has  long  been  known 
that  the  magnetism  of  the  magnetic  metals,  and  especially  of  iron,  cobalt 
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and  nickel  is  markedly  affected  by  heat.  According  to  Becqnerel,  nickel 
loses  Its  power  of  being  magnetized  at  400°,  iron  at  a  cherry-red  heat  and 
cobalt  at  a  white  heat.  Since,  whenever  a  magnetic  field  varies  in  strength 
in  the  vicinity  of  a  conductor  a  current  is  generated  in  that  conductor,  it 
occurred  to  me  that  by  placing  an  iron  core  in  a  magnetic  circuit  and  by 
varying  the  magnetizability  of  that  core  by  varying  its  temperature,  it 
would  be  possible  to  generate  a  current  in  a  coil  of  wire  surrounding  this 
core.  This  idea  constitutes  the  essential  feature  of  the  new  generator, 
which  therefore  I  have  called  a  pyromagnetic  generator  of  electricity. 

The  principle  of  utilizing  the  variation  of  magnetizability  by  heat  as  the 
basis  of  electric  machines,  though  clearly  applicable  to  generators,  was 
first  applied  to  the  construction  of  a  simple  form  of  heat  engine  which  I 
called  a  pyromagnetic  motor.*  A  description  of  this  motor  will  help  us  to 
understand  the  generator  subsequently  constructed. 

Suppose  a  permanent  magnet,  having  a  bundle  of  small  tubes  made  of 
thin  iron  placed  between  its  poles  and  capable  of  rotation  about  an  axis 
perpendicular  to  the  plane  of  the  magnet,  after  the  fashion  of  an  armature. 
Suppose,  further,  that  by  suitable  means  such  as  a  blast  or  a  draught,  hot 
air  can  be  made  to  pass  through  these  tubes  so  as  to  raise  them  to  red- 
ness. Suppose  that  by  a  flat  screen  symmetrically  placed  across  the  face 
of  this  bundle  of  tubes  and  covering  one-half  of  them,  access  of  the  heated 
air  to  the  tubes  beneath  it  is  prevented.  Then  it  follows  that  if  this  screen 
be  so  adjusted  that  its  ends  are  equidistant  from  the  two  legs  of  the  mag- 
net, the  bundle  of  tubes  will  not  rotate  about  the  axis,  since  the  cooler  and 
magnetic  portions  of  the  tube-bundle  (i.  e.,  those  beneath  the  screen)  will 
be  equidistant  from  the  poles  and  will  be  equally  attracted  on  the  two  sides. 
But  if  the  screen  be  turned  about  the  axis  of  rotation,  so  that  one  of  its 
ends  is  nearer  one  of  the  poles  and  the  other  nearer  the  other,  then  rota- 
tion of  the  bundle  will  ensue,  since  the  portion  under  the  screen,  which  is 
cooler  and  therefore  magnetizable,  is  continually  more  strongly  attracted 
than  the  other  and  heated  portion.  This  device  acts  therefore  as  a  pyro- 
magnetic motor,  the  heat  now  passing  through  the  tubes  in  such  a  way  as 
to  produce  a  dis-symmetry  in  the  lines  of  force  of  the  iron-field,  the  rota- 
tion being  due  to  the  effort  to  make  these  symmetrical.  The  guard  plate 
in  this  case  has  an  action  analogous  to  that  of  the  commutator  in  an  or- 
dinary armature.  The  first  experimental  motor  constructed  on  this  prin- 
ciple was  heated  by  means  of  two  small  Bunsen  burners,  arranged  with  an 
air  blast  and  it  developed  about  700  foot  pounds  per  minute.  A  second 
and  larger  motor  is  now  about  finished,  which  will   weigh  nearly  1,500 

*  I  am  aware  that  motors  embodying  the  same  principles  have  been  ilescribed  by 
Houston  and  Thomson  {J.  Frank.  Inst.,  1879,  39,)  by  McGee  {Science,  ill,  27i,  1884)  and 
by  Schwedoff  {J.  Physique,  ii,  V.  362, 1886).  But  it  does  not  appear  that  tlio  apparatus 
described  In  these  publications  was  ever  actually  conHtructod;  except  in  the  case  of 
McGee's  model,  which  was  scarcely  more  than  a  toy.  Indeed  in  both  of  the  papers 
ilrst  above  mentioned,  the  motor  is  stated  to  be  of  theoretic  interest  only  and  to  hare 
no  practical  value. 
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pounds  and  is  expected  to  develop  about  three  horse  power.  In  both 
these  machines,  electromagnets  are  used  in  place  of  permanent  magnets, 
the  current  to  energize  them  being  derived  from  an  external  source.  In 
the  latter  machine,  tlie  air  for  the  combustion  is  first  forced  through  the 
tubes  to  aid  in  cooling  them  and  then  goes  into  the  furnace  at  a  high  tem- 
perature. 

The  earliest  experiments  in  the  direction  of  the  pyromagnetic  produc- 
tion of  electricity  were  made  with  a  very  simple  apparatus,  consisting  of 
a  charged  electromagnet,  having  a  tube  of  thin  iron  passing  through  its 
cores  near  their  outer  ends,  a  coil  of  wire  being  wound  round  this  tube, 
and  including  an  ordinary  sounder  delicately  adjusted,  in  Its  circuit.  The 
tube  beueath  the  coil  was  covered  with  asbestos  paper.  After  heating  the 
tube  to  redness  by  a  gas  blast  directed  into  it  at  one  end,  a  jet  of  cold  air 
was  suddenly  substituted  for  the  fiame ;  the  sounder  at  once  closed  show- 
ing that  the  change  in  the  magnetizability  of  the  iron  had  varied  the  dis- 
tribution of  the  lines  of  force  within  the  coil,  and  thus  had  produced  a 
current  of  electricity  in  this  closed  circuit. 

The  construction  of  a  machine  of  sufficient  size  to  demonstrate  the 
feasibility  of  producing  continuous  currents  on  the  large  scale  in  this  way 
was  at  once  begun  and  has  only  just  been  completed.  The  new  machine 
consists  of  eight  distinct  elements  each  the  equivalent  of  the  device  al- 
ready mentioned,  consisting  of  the  two  legs  of  an  electromagnet  some- 
what far  apart  (twelve  inches  actually)  having  at  one  end  the  ordinary 
yoke  and  at  the  other  a  roll  of  corrugated  sheet  iron  .005  inch  thick,  called 
an  interstitial  armature;  this  armature  having  a  coil  of  wire  wound  upon 
it  and  separated  from  direct  contact  by  means  of  asbestos  paper.  The 
eight  elements  are  arranged  radially  about  a  common  centre,  and  are  equi- 
distant, the  eight  interstitial  armatures  passing  in  fact  through  two  iron 
disks,  which  constitute  the  common  pole  pieces  of  all  the  electromagnets. 
The  coils  wound  upon  the  interstitial  armatures  are  connected  directly  in 
series,  the  whole  forming  a  closed  circuit.  Through  the  centre  of  these 
disks  a  hollow  vertical  shaft  passes,  carrying  at  its  lower  end  a  semicir- 
cular plate  of  fire  clay  called  a  guard  plate  which,  when  the  shaft  is  turned, 
revolves  close  to  the  lower  ends  of  the  sheet  iron  armatures  and  screens 
oflfhalf  of  them  from  the  access  of  heat  from  below.  The  shaft  carries  a 
cylinder  of  insulating  material  having  metallic  contact  pieces  let  into  it 
on  opposite  sides,  the  line  joining  them  being  parallel  to  the  straight  edge 
of  the  guard  plate.  Upon  this  cylinder  eight  springs  press,  each  of  these 
springs  being  connected  to  the  wire  of  the  closed  circuit  above  mentioned 
midway  between  the  coils.  The  length  of  the  metallic  segment  is  so  pro- 
portioned that  the  following  spring  touches  it  just  as  the  preceding  one 
leaves  it.  The  springs  themselves  are  so  adjusted  that  each  of  them  comes 
Into  contact  with  its  metallic  segment  just  as  the  preceding  coil  of  the 
pair,  to  which  it  is  connected,  is  uncovered  by  the  rotation  of  the  guard 
plate.  Upon  the  same  shaft  and  above  the  cylinder  just  mentioned,  a  pair 
of  metallic  rings  are  placed,  insulated  from  the  shaft,  to  each  of  which  one 
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of  the  metallic  segments  is  connected.  Brushes  pressing  upon  these  rings 
take  off  the  current  produced  by  the  generator. 

The  entire  machine  now  described  is  placed  upon  the  top  of  any  suita- 
ble furnace,  fed  by  a  blast,  so  that  the  products  of  combustion  are  forced 
ap  througli  those  interstitial  armatures  which  are  not  covered  by  the  guard 
plate,  and  raise  them  to  a  high  temperature.  The  field  magnets  when 
charged  magnetize  of  course  only  those  interstitial  armatures  which  are 
cold;  i.  e.,  those  beneath  the  guard  plate.  Ou  rotating  this  plate,  the  in- 
terstitial armatures  are  successively  uncovered  on  the  one  side  and  cov- 
ered on  the  other;  so  that  continually  during  the  motion  four  of  the  eight 
armatures  are  losing  heat  and  the  other  four  are  gaining  heat.  But  those 
which  are  losing  heat  are  gaining  magnetism,  and  vice  versa.  Hence 
while  currents  are  generated  in  all  the  armature  coils,  since  in  all  the 
magnetism  is  varying,  the  current  in  the  coils  beneath  the  guard  plate 
•will  be  in  one  direction,  while  that  in  the  coils  exposed  to  the  fire  will  be 
in  the  other.  Moreover,  whenever  an  armature  passes  ont  from  under 
the  guard  plate,  its  condition  at  once  changes :  from  losing  heat  and  gain- 
ing magnetism  it  begins  to  gain  heat  and  lose  magnetism.  Hence  at  this 
instant  the  current  in  its  coil  is  reversed ;  and  consequently  the  line  con- 
necting this  coil  with  the  one  opposite  to  it  constitutes  the  neutral  line  or 
line  of  commutation;  precisely  as  in  the  ordinary  dynamo.  Indeed,  the 
action  of  the  Interstitial  armature  coils  of  the  pyromagnetic  dynamo  re- 
sembles strongly  that  of  the  ordinary  armature  coils  of  the  Gramme  ring, 
not  only  in  the  manner  of  connecting  them  together  but  also  in  their  func- 
tions; the  change  of  direction  in  the  current  as  the  magnetism  of  tiie  field 
changes  sign  in  the  latter  case  corresponding  closely  to  the  change  of  cur- 
rent in  tlie  former  case  due  to  the  direction  of  the  temperature  ciiange. 
But  it  will  be  observed  that  while  in  the  Gramme  ring,  the  loops  between 
the  armature  colls  are  connected  to  commutator  segments  equal  in  num- 
ber to  that  of  the  coils,  upon  which  commutator  two  brushes  press,  in  the 
pyromagnetic  dynamo  the  loops  between  the  armature  coils  are  connected 
to  an  equal  number  of  brushes  (in  this  case  eight),  while  the  commutator 
segments  are  only  two  in  number.  So  that  the  functions  of  tiie  commuta- 
tor and  the  brushes  in  this  generator  are  in  a  certain  sense  reversed  as 
compared  with  the  ordinary  dynamo. 

The  potential  difference  developed  by  this  dynamo  v^ill  obviously  de- 
pend (1)  upon  the  number  of  turns  of  wire  on  the  armature  coils ;  (2)  upon 
the  temperature  difference  in  working;  (3)  upon  the  rate  of  temperature 
variation  and  (4)  upon  the  proximity  of  the  maximum  point  of  effect.  No 
advantage  will  be  gained  of  course  by  raising  tiie  temperature  of  the  inter- 
stitial armature  above  the  point  at  which  its  magnetizabillty  is  practically 
zero;  nor  will  it  be  advantageous  on  the  other  hand  to  cool  it  below  the 
point  where  Its  magnetism  is  practically  a  maximum.  The  points  of  tem- 
perature tlierefore  between  which  for  any  given  magnetic  metal,  It  is  most 
desirable  to  work,  can  be  easily  determined  by  an  inspection  of  the  curve 
showing  the  relations  between  heat  and  magnetism  for  this  particular 
metal.    Thus  the  points  of  temperature  at  which  the  magnetizabillty  is 
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practically  zero,  as  above  stated,  are  a  white  heat  for  cobalt,  a  bright  red 
for  iron  and  400°  for  nickel.  Ou  the  other  hand  while  at  ordinary  tem- 
peratures iron  has  a  maximum  intensity  of  magnetization  represented  by 
1390,  its  intensity  at  220°  is  1360;  and  Lence  no  commercial  advantage  is 
gained  by  cooling  the  iron  below  this  temperature.  Nicliel,  however, 
whose  maximum  intensity  of  magnetization  at  ordinary  temperatures  is 
800,  has  an  intensity  of  only  380  at  220°.  Hence  while  this  metal  requires 
a  lower  maximum  temperature  it  also  requires  a  lower  minimum  one ;  but 
it  may  be  worked  with  much  less  heat.  The  rate  of  the  temperature  vari- 
ation is  determined  by  the  rapidity  which  the  guard  plate  revolves.  And 
this  in  its  turn  is  dependent  upon  the  rapiditywith  which  the  interstitial 
armature  can  be  cooled  and  heated.  That  it  may  take  up  and  lose  heat 
readily,  the  sheet  iron  of  which  It  is  made  is  very  thin  (only  .005  inch  thick 
even  when  its  durability  is  increased  by  enameling  or  nickeling),  it  is  cor- 
rugated and  rolled  up  so  as  to  expose  a  large  surface  (about  60  sq.  ft. 
for  the  eight  armatures)  and  hot  and  cold  air  are  alternately  forced  through 
the  armature.  Experiments  already  made  show  that  the  guard  plate  can 
probably  be  made  to  revolve  one  hundred  and  twenty  times  a  minute. 
Since  the  potential  diflference  is  proportional  to  the  number  of  lines  offeree 
cut  per  second,  it  is  evident  that  by  doubling  the  speed  of  rotation,  twice 
as  many  lines  of  force  would  flow  across  the  generating  coils  per  second 
and  the  output  of  energy  would  be  quadrupled.  Exactly  what  thickness 
of  metal  is  the  most  suitable  for  the  purpose,  what  the  relative  volume 
occupied  by  metal  and  by  air  space  in  the  interstitial  armature  should  be, 
what  is  the  best  diameter  for  this  armature,  or  even  the  best  metal,  what 
the  best  limits  of  temperature  and  what  the  best  speed  of  rotation  to  pro- 
duce the  maximum  potential  difference — all  these  are  questions  which 
must  be  decided  by  experiments  made  upon  the  generator  itself. 

The  results  thus  far  obtained  lead  to  the  conclusion  that  the  economy 
of  production  of  electric  energy  from  fuel  by  the  pyromagnetic  dynamo 
will  be  at  least  equal  to  and  probably  greater  than  that  of  any  of  the 
methods  in  present  use.  But  the  actual  output  of  the  dynamo  will  be  less 
than  that  of  an  ordinary  dynamo  of  the  same  weight.  To  furnish  thirty 
sixteen- candle  lights  in  a  dwelling  house  would  probably  require  a  pyro- 
magnetic generator  weighing  two  or  three  tons.  Since,  however,  the  new 
dynamo  will  not  interfere  with  using  the  excess  of  energy  of  the  coal  for 
warming  the  house  itself,  and  since  there  is  no  attendance  required  to 
keep  it  running  there  would  seem  to  be  already  a  large  field  of  usefulness 
for  it.  Moreover  by  using  the  regenerative  principle  in  connection  with 
it,  great  improvement  may  be  made  in  its  capacity,  and  its  practical  util- 
ity may  very  probably  equal  the  interesting  scientific  principles  which  it 
embodies. 
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THE  CHEMISTRY  OF  NITROGEN  AS  DISCLOSED  IN  THE  CON- 
STITUTION OF  THE  ALKALOIDS. 


To  the  compounds  of  carbon,  chemistry  has  devoted  its  main 
strength,  ever  since  this  science  reached  maturity  of  purpose.  In 
the  work  among  organic  compounds  science  has  made  its  nearest 
approaches  to  an  actual  acquaintance  with  the  molecule  as  a  chem- 
ical centre,  and  from  these  advances  every  branch  of  chemical  art 
receives  full  benefit. 

Carbon  was  the  first  to  gain  attention  as  the  member  giving  spe- 
cific character  to  organic  compounds  (1)^.  Hydrogen  entered  into 
the  definition  of  organic  chemistry  (2)  at  a  later  period.  At  pres- 
ent, h3'drocarbon8  are  represented  to  be  the  parent  forms  of  chem- 
ical families,  with  carbon  as  the  member  for  fixed  position  and 
hydrogen  as  the  member  for  exchange.  Upon  these  two  elements, 
and  upon  their  relations  in  the  molecule,  investigation  has  fixed  its 
steadfast  eyes  in  the  will  to  divine  the  ways  of  chemical  action. 

Nitrogen  comes  next  in  turn  as  an  organic  element  of  impor- 
tance. Hitherto,  for  the  most  part,  organic  nitrogen  has  been  re- 
garded only  as  a  member  peculiar  to  certain  categories  of  carbon 
compounds.  The  name  of  nitrogen  has  not  entered  into  any  defi- 
nition of  general  or  commanding  interest.  Nevertheless,  the  car- 
bonaceous compounds  of  nitrogen  have  already  so  appeared  as  to 
shed  a  good  liglit  upon  chemical  structure.  It  is  hardly  too  much 
to  say  that  in  the  study  of  these  compounds  lies  before  us  the  very 
organic  chemistry  of  organic  chemistry. 

Through  the  inorganic  world  and  its  majestic  round  of  supplies 

'List  of  refereuccs  at  end  of  the  address. 
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for  the  sustenance  of  living  bodies,  nitrogen  has  been  noted  as  a 
unique  element.  The  physiological  availability  of  the  free  nitro- 
gen of  the  air,  long  found  a  divided  question,  was  well  discussed 
in  the  last  annual  address  before  this  section.  The  artificial  con- 
version of  atmospheric  nitrogen  into  ammonia,  an  old  attempt,  is 
constantly  urged  at  the  hands  of  invention  by  new  demands  from 
the  great  chemical  industries.  The  service  of  nitrogen  in  the  ex- 
plosives, fairly  well  under  control  in  the  use  of  projectile  agents, 
is  still  in  the  need  of  improvements  for  safety  and  for  rate  of  ac- 
tion. The  element  assumes  strangely  diverse  relations  :  it  presents 
to  us  an  enigma  in  physiology ;  it  leads  in  our  estimates  of  the 
agricultural  value  of  plant  foods ;  it  stands  in  its  indifference  as 
an  obstruction  in  the  way  of  great  chemical  manufactui-es  ;  it  keeps 
the  post  of  a  trusted  agent  for  projectile  force  in  arts  of  war  and 
of  peace  ;  it  mocks  us  with  its  abundant  presence  in  an  inapproach- 
able virgin  state  :  the  same  element  that  holds  the  structure  of  the 
aniline  dyes  and  governs  the  constitution  of  the  vegetable  alka- 
loids.    The  character  of  nitrogen  challenges  chemical  skill. 

The  chemistry  of  nature  instructs  the  chemistry  of  art.  Molec- 
ular syntheses  wrought  out  in  the  vegetable  kingdom,  sometimes 
too  complex  for  analysis,  often  too  difficult  to  reproduce,  always 
claim  our  study  ;  and  the  reasons  so  far  shadowed  forth  are  more 
than  enough  to  justify  the  attempt  here  entered  upon  to  trace  back 
the  path  of  attainment,  and  take  the  bearings  of  our  progress  in 
the  chemistry  of  nitrogen  as  disclosed  in  the  structure  of  the  al- 
kaloids. 

The  history  and  the  present  state  of  the  constitution  of  the  veg- 
etable alkaloids,  and  other  nitrogenous  bases,  may  be  outlined  in 
the  following  order : 

(1)  The  conception  of  the  type  of  ammonia  in  the  formation  of 
nitrogenous  bases.  The  light  of  this  theory  has  enabled  great 
numbers  of  artificial  compounds  to  be  produced,  but  for  the  most 
part  it  has  failed  to  reveal  the  structure  of  the  vegetable  alkaloids. 

(2)  The  study  of  the  aromatic  type  of  structure  in  closed  chains 
of  six  positions  of  carbon,  conjoined  with  the  ammonia  type  in 
side  chains.  Great  numbers  of  new  bases  of  amido-benzenoid  con- 
stitution have  been  produced  while  the  benzenoid  type  has  been 
found  in  but  few  of  the  vegetable  alkaloids. 

(3)  The  demonstration  of  the  pyridine  and  quinoline  aromatic 
groups,  holding  nitrogen  in  position  within  the  closed  chain  in 
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the  constitution  of  numerous  vegetable  alkaloids.  Already  arti- 
ficial production  of  both  new  and  natural  alkaloids  follows  up  the 
discovery  of  the  pyridine  type  of  formation. 

(4)  The  researches  upon  azo  and  diazo-benzenoid  bases,  in  which 
nitrogen  is  linked  to  nitrogen  in  an  open  side  chain  of  benzenoid 
molecules.  Color  substances  in  abundance  have  been  made  upon 
these  types,  and  a  late  announcement  implies  that  the  diazo  struct- 
ure takes  part  among  animal  decomposition  products. 

I.     Nitrogenous  Bases  as  Derivatives  of  Ammonia. 

It  was  remarked  by  Justus  Liebig  in  1830  (3),  that  the  capacity 
for  saturation  of  acids,  possessed  by  the  plant  bases,  was  in  pro- 
portion to  the  number  of  equivalents  of  nitrogen  they  contained. 
As  early  as  1837  Berzelius  (4),  reasoning  on  the  results  of  Reg- 
nault  and  Liebig,  advanced  the  doctrine  that  the  vegetable  bases 
were  conjugated  compounds  of  ammonia, —  binary  combinations 
in  which  the  entire  molecule  of  ammonia  was  united  with  a  group 
or  compound  radical  containing  carbon  —  represented  by  HgNX. 
Tlie  saturating  power  of  the  alkaloid  was  stated  to  be  the  same  as 
tliat  of  tlie  contained  ammonia.  Liebig  departed  from  the  doctrine 
of  Berzelius  to  this  extent,  that  he  held  the  organic  bases  to  be 
binary  combinations,  not  of  entire  ammonia,  but  of  amidogen,  so 
that  they  were  represented  by  Hg  N  Y.  Liebig's  view  looked  toward 
but  did  not  reach  the  idea  of  substitution  for  the  hydrogen  in  ara- 
monia.2  The  doctrine  of  Berzelius  as  a  whole,  "  by  no  means  met 
with  general  approbation,  but"  to  use  the  words  of  Hofmann,  "  it 
was  retained  and  carried  out  by  Berzelius  with  the  perseverance 
and  ratiocination  peculiar  to  that  great  chemist." 

At  the  time  of  these  studies,  vegetable  alkaloids  had  been  known 
in  the  chemical  world  for  about  twenty  years.  The  chief  bases  of 
opium,  cinchona,  strychnos,  veratrum,  aconite,  and  the  solanaceous 
plants  had  been  obtained.  The  first  distinct  announcement  of  a 
plant  base  was  that  of  morphine  by  Sertiirner  in  1805,  but  this 
did  not  gain  attention  until  Sertiirner's  fuller  report  in  1817  (5). 
In  1803,  however,  Derosne  (6)  had  obtained  a  "  crystallizable 

'  In  1840  (/oc.  cU.)  he  made  a  remarkable  prediction  of  the  nature  of  the  amines,  ob- 
taineti  by  Wurtz  and  by  Hofmann  ten  years  afterward.  '*  If."  said  Liebig,  "we  were 
able  to  replace  by  amidogen  the  oxides  of  methyl  and  ethyl,  and  of  two  basal  radicals, 
we  slionld  witliotit  the  slightest  doubt  obtain  a  scries  of  compoundH  exhibiting  a  de< 
porttnent  similar  in  every  respect  to  that  of  ammonia.  Thus  a  compound  of  the  for< 
mula  C,H,  UjN  would  be  endowed  with  the  properties  of  a  base." 
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opium  salt  "  by  two  methods,  one  of  which  must  have  given  him 
morphine,  and  the  other,  narcotine.  In  1844,  about  fifty  vegeta- 
ble alkaloids  were  enumerated,  including  some  whose  identity  has 
not  been  established  (7). 

The  disadvantage  incurred  in  investigation  of  organic  bases  un- 
der the  Binary  Theories  of  Berzelius  and  Liebig  is  shown  by  the 
difficulty  described  by  A.  W.  Hofmann  (8)  in  London,  as  late  as 
1849.  "  Vainly  have  I  hoped  in  the  course  of  my  investigation  on 
this  subject,"  he  says  in  conclusion  of  a  paper  on  certain  organic 
compounds  of  ammonia,  "  to  cause  aniline  to  split  up  into  ammo- 
nia and  the  conjunct  CeHi-"^  The  introduction  of  the  Theory  of 
Substitution  and  the  Theory  of  Types  by  Dumas  and  Laurent  (9) 
prepared  the  way  soon  after  1840  for  the  production  of  derivatives 
from  ammonia. 

The  first  representatives,  methylamine  and  ethylamine,  were  ob- 
tained by  Adolph  C.  Wurtz,  in  February,  1849  (10)— through 
the  action  of  potash  upon  the  cyanic  ethers.^  The  year  before 
he  had  made  report  (11)  on  the  same  reaction,  with  the  surmise 
that  he  had  obtained  a  derivative  either  of  a  urea  or  of  an  ether,^ 
but  after  obtaining  methylamine  as  a  caustic  volatile  alkali,  he  was 
emphatic  in  declaring  it  an  ammonia.  "  I  have  succeeded,  in  fact," 
he  said,  "in  converting  ammonia  into  a  true  organic  compound, 
by  adding  to  it  the  elements  of  the  hydrocarbon  C  Hg."^  Wurtz 
at  first  christened  the  new  products  "  methylamid  "  and  "  ethyla- 
mid."  Mr.  T.  Sterry  Hunt,  then  writing  in  Silliman's  Journal 
(12),  proposed  the  names  of  "  methylamine,"  "  ethylamine,"  etc., 
as  "  more  consonant  with  the  nomenclature  of  the  alkaloids."  The 
names  "  methyliak,"  "  butyriak,"  etc.,  were  offered  by  Dumas ; 
and  the  names  "  methammine,"  "  ethammine,"  etc.,  by  Gerhardt 
(13).  In  his  communication  of  August,  1849,  Wurtz  adopts  the 
terms  "  methylamine,"  etc.,  and  about  this  time  he  presents  rational 

»  Original,  C,,  H^. 

«  That  is,  the  methyl  and  ethyl  isocyanates.  Also  by  action  of  potash  on  the  isocy- 
anurates,  and  ureas. 

»  "  Either  a  urea  in  which  one  equivalent  of  water  is  replaced  by  one  of  ether,  or 
methyl  ether  in  which  the  molecule  of  oxygen  (weight  8)  is  replaced  by  a  molecule  of 
amidogen,  N  H,."  The  latter  view  corresponds  to  that  in  the  prediction  of  Liebig  al- 
ready quoted. 

• "  Ammonia,"  said  Wurtz,  "  should  decidedly  be  regarded  as  the  most  simple  and 
most  powerful  of  the  organic  bases;  and  it  would  be  for  all  chemists  the  type  of  that 
numerous  class  of  bodies,  did  it  not  differ  in  one  undoubtedly  important  cliaracter,  but 
to  which,"  he  concludes,  "  an  exaggerated  value  has  been  attributed.  Ammonia  con- 
tains no  carbon." 
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formulae,  on  the  ammonia  type,  for  a  good  number  of  artificial 
bases,  aniline,  toluidine,  and  picoline,  for  nicotine,  and  conine,  and 
claims  formulae  for  several  oxygenated  bases. 

Dr.  Hofmann  had  been  engaged  in  investigation  "  on  the  vola- 
tile organic  bases,"  communicated  in  1849  and  1850  and  already 
referred  to  (8),  and  he  welcomed  "the  splendid  investigation  of 
M.  Wurtz  "  with  unstinted  enthusiasm.  He  now  adopted  the  theory 
of  substitution  for  the  hydrogen  of  ammonia,  and  with  remarkable 
celerity  he  verified  the  theory  by  replacing  the  second  and  the  third 
atoms  of  hydrogen  by  organic  radicals.  Beyond  this  he  substi- 
tuted the  fourth  hydrogen  atom  of  ammonium  salts,  explained  the 
formation  of  "white  precipitate"  and  other  metallic  derivatives, 
and  set  forth  the  likeness  of  oxygenated  alkaloids  to  the  compounds 
of  ammonium.  For  the  greater  number  of  his  results  he  employed 
the  simple  reaction  which  bears  his  name,  tlie  reaction  between 
iodides  or  bromides  of  radicals  and  the  ammonia  or  lower  deriva- 
tives of  ammonia.  His  masterly  reports  of  1850  and  1851  fill  seventy- 
eight  pages  of  the  Philosophical  Transactions  (14),  concluding 
with  an  extensive  classification  of  new  substances,  and  with  ambi- 
tious expectations  of  finding  the  constitution  of  important  vege- 
table bases.  This  reaction,  used  by  Hofmann  for  the  introduction 
of"alkyls"or  alcohol  radicals  into  ammonia,  producing  succes- 
sively primary,  secondary  and  tertiary  amines  and  then  alkyl  am- 
monium salts,  is  a  reaction  now  in  constant  use  upon  alkaloids  in 
the  course  of  investigations.  B3'  this  reaction,  for  example,  mor- 
phine is  convertible  into  methyl-morphine,  which  is  codeine,  and 
an  homologous  ethyl-morphine  is  readily  obtained  (15).  Brucine  is 
dimethoxy-strychnine  ;  a  methyl-strychnine  and  an  ethyl-sti  yclmine 
are  produced  (16)  ;  and  these  artificial  products  are  under  trial  as 
to  their  physiological  effects.  Quinine  is  a  methoxy-cinchonine. 
Cocaine  is  readily  formed  by  the  introduction  of  methyl  into  ben- 
zoyl-ecgonine,  and  the  corresponding  ethyl,  propyl,  and  butyl 
products  are  now  under  physiological  trial  (17).  It  is  of  great 
practical  interest  that  homologous  alkaloids,  prepared  by  successive 
substitutions  of  methyl  through  Hofmann's  reaction,  are  found  to 
exhibit  a  gradation  of  physiological  intensity  quite  in  correspond- 
ence with  the  graded  intensity  of  the  homologous  alcohols  of  the 
paraffin  series. 

Whatever  we  have  gained  by  modern  theories  of  other  types  of 
structure  it  still  remains  true  that  the  nitrogenous  bases  represent 
the  type  ammonia.     Whatever  other  types  govern  the  constitution 


108  SECTION   c. 

of  alkaloids  in  general,  they  carry  central  atoms  of  nitrogen,  whose 
valence  and  whose  chemical  activities  are  typified  by  the  nitrogen 
of  this  simple  volatile  alkali.  Nevertheless,  the  type  ammonia 
represents  only  the  "  ammonia-rest,"  a  small  part  of  the  molecule 
of  a  natural  fixed  alkaloid.  Unable  to  reach  a  clew  to  the  consti- 
tution of  the  larger  part,  and  therefore  without  data  as  to  the  re- 
lations and  valences  held  by  nitrogen,  chemists  were  not  able  to 
assign  rational  formulae  to  the  ox3'genated  alkaloids  of  plants  in 
general  until  within  the  past  ten  or  fifteen  years,  during  which  time 
light  has  been  obtained  upon  typical  structures  of  the  carbon  and 
hydrogen  of  these  bases. 

II.     Nitrogenous  Bases  represented  by  Aniline. 

Phenylamine  or  amidobenzene  is  the  type,  in  its  simplest  form, 
of  compounds  made  by  the  substitution  of  an  aromatic  radical  in 
ammonia.  Obtained  by  distillation  from  indigo  in  1826,  from  coal- 
tar  in  1834,  and  from  benzene  by  reduction  of  the  nitro-derivative 
in  1841,  it  was  at  once  recognized  by  "Wurtz  and  by  Hofraann,  in 
1850,  as  a  primary  amine.  Its  aromatic  constitution,  with  that  of 
benzene  itself,  came  to  light  in  the  closed  chain  theory  of  Kekule 
in  1865  (18).  The  aniline  color  industry,  instituted  by  the  inven- 
tions of  Perkin  in  1856,  could  not  have  reached  its  great  and  be- 
neficent development  without  the  impulses  due  to  the  knowledge, 
first,  of  the  ammonia  type  in  the  linking  of  nitrogen,  and  second, 
of  the  closed  chain  of  six  positions  of  carbon.'''  On  the  other  hand, 
the  resources  of  pure  organic  chemistry  could  not  have  reached 
the  wide  extent  they  have  attained  without  the  patient  and  efl3cient 
investigation  of  the  industrial  chemists  engaged  in  the  work  of 
the  world. 

While  the  aromatic  type  of  structure  has  furnished  artificial  ni- 
trogenous bases  for  innumerable  dye-stufl!s,  the  inquiry  whether 
any  considerable  number  of  the  alkaloids  of  plants  were  aromatic 
compounds  or  not  was  for  years  a  perplexing  question.  Large 
numbers  of  vegetable  alkaloids  yield  simple  aromatic  products 
when  decomposed.  For  example,  atropine  and  its  related  alka- 
loids, when  heated  or  forcibly  oxidized,  yield  benzoic  and  salicy- 
lic aldehydes  and  related  bodies.  At  the  same  time,  research  has 
failed  to  find  rational  formulae  for  alkaloids  wherein  niti'ogen  was 
attached,  as  it  is  in  aniline,  to  a  benzenoid  group — a  closed  chain 

"*  In  use  of  the  chemical  term  position  the  author  will  be  understood  to  refer,  not  to 
arrangement  in  space,  but  to  the  order  of  union  of  atoms  with  each  other. 
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of  six  carbon  positions.  It  was  not  until  the  discovery  of  the  pyr- 
idine and  quinoline  type  in  the  alkaloids  —  a  tj'pe  of  aromatic 
structure  holding  five  positions  of  carbon  and  one  of  nitrogen  with- 
in the  closed  chain — nitrogen  in  a  position  central  to  the  molecule — 
that  it  could  be  understood  in  what  way  the  natural  alkaloids,  yield- 
ing aromatic  decomposition  products,  were  themselves  of  aromatic 
composition. 

Before  taking  up  the  consideration  of  the  pyridine  type  of  bases, 
it  may  be  said  that  the  complete  benzenoid  group,  so  extensively 
found  in  vegetable  acids,  has  been  very  little  found  in  vegetable 
bases.  In  narcotine  and  narceine,  the  benzenoid  group  is  found 
with  four  hydrogen  atoms  replaced,  but  not  at  all  replaced  by  ni- 
trogen. The  nitrogen  of  the  compound  is  not  directly  linked  to 
the  complete  benzenoid  group. 

III.     The  Pyridine  Type  in  the  Vegetable  Alkaloids. 

The  aromatic  constitution  of  pyridine  and  quinoline  was  appre- 
hended in  1870  (19).  In  this  constitution,  pyridine  differs  from 
benzene  only  in  the  substitution  of  one  trivalent  N,  for  the  triva- 
lent  group  CH  ;  and  quinoline  differs  from  naphthalene  only  in  the 
substitution,  in  the  same  way,  of  one  N  for  one  CH.  As  consti- 
tuted in  closed  chains  of  six  positions,  pyridine  and  quinoline  are 
aromatic  compounds,  but  of  a  type  radically  different  from  that  of 
complete  benzenoid  bodies  conjugated  with  nitrogen,  like  aniline 
or  azo-benzene.  The  pyridine  molecule,  C5H5N,  violates  the  first 
condition  of  benzenoid  compounds,  namely,  that  the  six  primary 
positions  of  the  molecule,  CeHg,  are  all  equal  to  each  other.  Here 
we  have  nitrogen  interlinked  in  the  closed  chain  in  the  position  of 
central  influence.  The  great  numbers  of  compounds  which  have 
been  found  in  nature  and  formed  by  art,  upon  the  pyridine  type, 
during  the  last  sixteen  years,  give  evidence  that  this  type  is  an  es- 
sential effect  of  the  chemism  of  nitrogen  as  much  as  the  benzene 
type  is  an  effect  of  the  chemism  of  carbon.  The  fact  that  only 
one  atom  of  nitrogen  is  found  to  enter  the  closed  chain  of  six  po- 
sitions renders  it  not  unlikely  that  the  nitrogen  atom  is  directly 
united  to  more  than  two  atoms  of  carbon  in  the  ring.  That  the 
nitrogen  is  united  to  three  atoms,  Riedel  and  others  (20)  sometime 
since  concluded  on  experimental  grounds. 

That  the  vegetable  alkaloids  containing  oxygen  are  tertiary 
amines,  or  ammonium  compounds,  so  that  they  do  not  contain  hy- 
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drogen  directly  united  to  their  nitrogen — and  so  that  all  the  hydro- 
gen of  the  tj'pical  ammonia  is  replaced — was  announced  by  Hof- 
mann,in  1851,  and  has  always  been  assented  to.  With  this  view, 
the  theory  of  the  pyridine  type  quite  accords.  Pyridine  and  quin- 
oline  are  actually  tertiary  amines,  and  their  derivatives  retain  the 
exclusion  of  hydrogen  from  the  first  three  valences  of  nitrogen, 
those  which  represent  hydrogen  of  ammonia. 

In  their  isomerisms  and  in  their  deportment,  pyridine  and  quin- 
oline  resemble  benzene  and  naphthalene,  their  simpler  aromatic 
types.  By  the  facility  of  substitution  of  methyl  and  other  radi- 
cals for  their  hydrogen,  they  yield  homologous  series  ;  by  oxidation 
of  the  alcohol  radicals,  carboxylic  acids  are  obtained  ;  and  by  re- 
duction of  the  acids,  the  original  compounds  are  restored.  In  a 
very  important  quality,  however,  pyridine  differs  from  benzene  in 
deportment,  that  the  former  gives  much  more  stable  addition  pro- 
ducts with  hydrogen  than  can  be  obtained  from  the  latter.  Two, 
four,  or  six  atoms  of  hydrogen  are  united.  Hexahydro-pyridine 
is  the  alkaloid  piperidine.  Piperidine  in  union  with  piperic  acid 
constitutes  the  piperine  of  black  pepper,  the  latter  being,  therefore, 
a  saponifiable  alkaloid.  The  pyridine  from  which  is  derived  tro- 
pine,  the  central  group  in  solanaceous  alkaloids,  is  tetrahydrated, 
and  the  typical  quinoline  in  the  cinchona  alkaloids  is  tetrahydrated. 
The  stability  of  these  addition  products  renders  possible  the  great 
complexity  of  natural  derivatives  of  pyridine.  And  in  this  capac- 
ity for  larger  combinations  we  have  proof,  again,  that  the  cJiemism 
of  nitrogen  introduces  distinct  character  into  the  pyridine  deriva- 
tives. 

Pyridine  was  obtained  from  bone-oil  in  1850  (21),  from  coal-tar 
m  1855  (22),  by  synthesis  from  an  azo  compound  in  1865  (23), 
and  may  be  prepared  from  various  alkaloids  by  distilling  them  with 
alkali.  A  pungent  liquid,  miscible  with  water,  boiling  at  116.7°C., 
its  appearance  scarcely  commends  its  claim  to  be  the  chemical 
protoplasm  of  the  alkaloids  of  plants.  Quinoline  was  obtained 
from  quinine  and  from  strychnine  in  distilling  with  alkali  by  Ger- 
hardt,  in  1842  (24),  from  the  latter  distillates  of  coal-tar  as  finally 
confirmed  by  Hoogewerff  in  1883,  from  bone-oil,  along  with  pyri- 
dine, and  by  synthesis  in  several  ways,  best  from  nitro-benzene 
with  aniline  and  glycerine  as  done  by  Skraup  in  1881.  As  a  liq- 
uid it  corresponds  in  appearance  as  it  does  in  composition  to  pyri- 
dine, being  heavier  and  less  volatile.   It  is  easily  oxidized  to  pyr- 
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idine  dicarbonic  acid,  as  naphthalene  is  to  phthalic  acid, — as  by 
the  cutting  away  of  one  of  a  pair  of  joined  hexagons.  When 
raanufactured  from  cinchonine  quinoline  it  is  accompanied  by  lepi- 
dine^,  as  prepared  from  nitrobenzene  it  is  liable  to  retain  the  latter 
as  an  impurity.  It  is  in  demand  for  color-manufacture  and  for 
introduction  to  medicinal  uses.  Pyridine  is  still  prepared  from  bone- 
oil,  but  should  much  demand  arise  for  it,  more  favorable  sources 
would  doubtless  be  found. 

About  eight  years  ago  the  researches  of  many  chemists  reached 
the  discovery  of  the  pyridine  type  of  constitution  in  several  groups 
of  the  vegetable  alkaloids.  In  some  instances,  as  in  the  chief 
cinchona  alkaloids,  results  have  established  a  rational  aromatic  for- 
mula for  the  entire  base  as  it  exists  in  nature.  In  other  instances, 
the  pyridine  type  has  been  revealed,  not  at  first  in  the  natural  al- 
kaloid as  a  whole,  but  in  an  alkaloid  previously  found  to  lie  within 
the  alkaloid  of  nature,  and  obtained  therefrom  by  reactions  fairly 
denoted  as  those  of  saponification.  And  before  bringing  up  ex- 
amples of  the  pyridine  and  quinoline  types  of  constitution,  it  is 
necessary  to  summarize  the  principal  saponifiable  alkaloids  with 
the  products  into  which  they  split  up. 

Tlie  saponification  of  alkaloids,  as  accomplished  in  the  last 
thirty  years,  corresponds,  in  its  delightful  simplification  of  com- 
plex compounds,  to  the  saponification  of  fats  achieved  over  fifty 
years  ago, — with  this  striking  difference,  that  the  chief  or  repre- 
sentative product  of  the  saponification  of  an  alkaloid  is  another 
alkaloid  while  the  more  elaborate  product  of  the  sai)onification  of 
a  fat  is  usually  an  acid.  Indeed,  in  case  of  an  alkaloid,  its  saponi- 
fication may  be  defined  as  the  removal  of  an  acid  or  other  radical, 
by  replacing  it  with  hydrogen.  And  the  saponification  of  alkaloids 
does  not  fulfil  the  accepted  definition  of  chemical  saponification, 
in  that  its  resulting  base  in  most  cases  does  not  appear  in  classifi- 
cation as  an  alcohol,  nor  is  the  subject  of  the  decomposition  classed 
as  an  ester.  The  saponification  of  alkaloids  is  instituted  by  ac- 
tion of  an  alkali  then  left  in  union  with  the  resulting  acid,  or  by 
an  acid  then  left  in  union  with  the  obtained  new  alkaloid,  or  by 
digestion  with  only  water,  which  of  course  is  always  taken  up. 
The  following  are  representative  instances  of  the  saponifications 
of  alkaloids : 

•For  the  mannracttire  of  cyanine,  the  lepidine  is  necessary,  pure  quinoline  not  yield- 
ing this  blue  coloring  matter  in  treatment  with  amyl  iodide  and  alicailes  (Uooobwbbff 
and  VAN  Dorp,  1882). 
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Atropine    with    water  yields  tropine  and  tropic  acid  (25). 

Ci;H23N03  +        H,0      =     CgHj^NO    +  C^H^oOa 

Aconitine   with   vxiter  yields   aconine   and  benzoic  acid  (26). 

C33H,3NO,2    +      H2O       =    C^HggNOa  +  C,U,0, 

Cocaine   with  water  yields   benzoyl-ecgonine  and   methyl  alcohol 

C17H21NO4  +     H2O     =  Ci6H,9N04  +     CH,0      (27). 

Benzoyl-ecgonine  with  water  yields   ecgonine  and  benzoic  acid. 

C16H19NO4  +       H2O  =         CgHisNOg       4-  C;He02 

Narcotine   -with  water  yields  hydrocotarnine  and  meconine  (28). 

C22H23NO;    +     H2O       =  C12H15NO3     +     C10H10O5 

Cevadine  with  water  yields  cevine  and  methylcrotonic  acid  (29). 
CasH^gNOg  +     H2O     =  CstH^NOs  +  CsH«02 

Veratrine   with  water  yields     verine     and  veratric  acid.  (29) 
CszH  NOn    +     H2O    =    C28H,,N08    +      C9H10O4 

Piperine    with  water  yields  pipendme  and  p?|)enc  acid  (30). 

C„H,9N03       +        H2O        =  C5H11N9        +  Ca2Hio04 

Each  reaction  of  saponification  here  cited  is  limited  to  the  sin- 
gle step  taken  in  the  appropriation  of  one  molecule  of  water.^  In 
the  case  of  cocaine,  a  second  saponification  directly  follows  the 
first,  and  treatment  may  yield  together  the  products  of  both  reac- 
tions. 

After  Chevreul  effected  the  saponification  of  ordinary  fats,  it 
was  a  long  time  before  the  reverse  change  was  obtained  in  the  syn- 
thesis of  fats  from  fatty  acids  and  glycerine.  But  not  so  long  an 
interval  interposed  between  the  analytic  and  the  synthetic  results 
represented  by  the  saponification  of  some  of  the  alkaloids.  The 
construction  of  atropine  by  union  of  its  saponification  products 
was  brought  about  by  Ladenburg  in  1879  (31).  The  like  synthe- 
sis of  cocaine  was  obtained  by  Skraup,  and  by  W.  Merck,  in  1885 
(32). 

The  liability  of  alkaloids  to  saponification  is  a  property  that 
closely  concerns  the  treatment  they  receive  in  manufacture  and  in 
pharmacy,  and  gives  explanation  of  numerous  perplexities  in  prac- 
tical operations.  These  very  perplexities  have  sometimes  been 
assumed  to  show  that  results  promised  by  theory  fail  to  appear  in 
practice,  —  a  failure  that  finds  remedy  in  this  case  as  in  many 
others,  by  a  more  liberal  use  of  just  the  theoretical  knowledge 


•According  to  Wright,  japaconitine,  with  three  molecules  of  water,  yields  two  mole- 
cules each  of  japaconine  and  benzoic  acid. 
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complained  of.  At  all  events,  the  operations  of  pharmacy  have 
been  the  source  of  unnumbered  contributions  to  the  pure  chemis- 
try of  the  alkaloids,  and  this  indebtedness  of  science  pays  honor 
to  faithful  investigations,  represented  in  a  rich  and  extensive  body 
of  pharmaceutical  literature. 

Returning  to  our  inquiry  into  the  discovery  of  the  pyridine  type 
of  aromatic  composition  in  the  alkaloids,  we  find  the  last  three 
3'ears  to  have  been  a  period  of  great  attainment.  It  ma}'  be  placed 
first  that  tropine,  the  common  base  of  the  entire  atropine  group  of 
alkaloids,  the  midriatic  alkaloids  of  the  solanacege,  is  itself  a  de- 
rivative of  pyridine.  This  was  experimentally  established  in 
1884  and  1885,  by  Ladenburg  (33),  Hofmann,  Hantzsch,  and  Ko- 
nigs.  In  1882  Ladenburg  had  termed  tropine  "a  nitrogenous  al- 
cohol of  which  the  tropines  are  the  ethereal  derivatives."  But 
after  a  succession  of  reports  on  the  nature  of  tropine,  beginning 
in  1881,  Ladenburg  has  pi'esented  evidence,  fully  confirmed  by 
others  just  named,  that  tropine  is  directly  derived  from  pyridine. 
Starting  with  tetrahydro- pyridine,  the  introduction  of  an  ethj'lene- 
hydroxyl  and  a  methyl,  in  place  of  two  atoms  of  hydrogen,  forms 
tropine:  CjHy  (C2H4OH)  N  (CH3). 

Piperidine,  the  decomposition  product  of  the  alkaloid  of  black 
pepper,  was  shown  by  Hofmann,  in  1879  (34),  and  by  Ladenburg 
and  Roth  in  1884,  to  be  a  hexahydro-pyridine.  Nicotine,  the  vol- 
atile alkaloid  of  tobacco,  is  a  dihydro-dipyridine,  as  claimed  in 
1880  by  Wischnegradsky  (35).  Conine,  early  classed  as  a  sec- 
ondary amine,  is  ascertained  to  be  a  propyl-piperidine  (36). 

The  alkaloids  of  cinchona  barks,  though  counting  over  twenty- 
five  in  number,  are  certainly  represented  in  their  constitution  by 
cinchonine,  of  which  quinine  is  the  oxymethyl  derivative. 

In  1881,  Wischnegradsky  deduced  from  his  results  that  cincho- 
nine contains  both  a  quinoline  and  a  pyridine  group,  but  accumu- 
lating proofs  since  render  it  strongly  pi'obable,  if  not  certain,  that 
cinchonine  is  a  quite  simple  di-quim^line  derivative  (37).  Start- 
ing with  quinoline,  then  tetrahydrated,  two  molecules  unite  by 
dropping  a  hydrogen  from  each,  when  oxynaethyl  is  made  to  replace 
one  hydrogen  for  cinchonine,  or  two  hydrogens  for  quinine. ^"^ 

This  is  by  no  means  an  account  of  the  pyridine  type  as  known 

"  C, H,oN . C» H,  N .(O.CH,),  cinchonine. 
C,  H,o N.  Cg Hg N.  (O.CH,),,  quinine, 
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in^;all  the  alkaloids.  Strychnine  and  brucine  are  the  subjects  of 
especial  activity,  and  it  is  clear  that  they  are  pyridine  compounds, 
as  are  also  the  alkaloids  of  opium. 

The  evidence  seems  to  be,  at  present,  very  strong,  that,  in  gen- 
eral terms,  the  vegetable  alkaloids  are  hydrogenized  pyridine  de- 
rivatives. Under  the  belief  that  any  useful  understanding  of  the 
structure  of  these  bodies  must  be  based  upon  a  full  experimental 
acquaintance  with  the  pyridine  and  quinoline  series,  there  is  great 
activity  in  the  study  of  the  typical  compounds.  For  some  time, 
now,  reseai'ches  have  been  undertaken  to  find  the  positions  of 
groups  introduced  into  these  bodies  (38) .  On  the  success  of  these 
studiesof  chemical  position,  the  chemistry  of  the  natural  alkaloids 
will  in  the  future  necessarily  depend.  Until  the  isomerisms  due 
to  position  are  under  control,  there  can  be  no  distinction  estab- 
lished between,  for  example,  numbers  of  compounds,  each  having 
the  same  constituent  groups  represented  in  the  present  formula 
for  quinine,  or  in  that  for  atropine.  Also  the  present  acquaintance 
with  plant  bases,  accumulated  in  the  progress  of  analytical  chem- 
istry, has  still  to  be  advanced,  as  a  foundation  for  studies  of  chem- 
ical structure. 

General  methods  of  synthesis  of  pyridine  derivatives  have  been 
sought  at  many  hands.  The  reaction  of  Hofmann,  beginning  with 
alkyl  iodide  addition  products,  on  subsequent  exposure  to  a  high 
temperature  in  sealed  tubes,  results  in  the  substitution  of  radicals 
in  pyridine  compounds.  The  production  of  the  hydrogen  addi- 
tion compounds,  as  piperidine,  is  effected  only  by  the  strongest  of 
reducing  agents,  such  as  metallic  sodium  applied  in  alcoholic  so- 
lution (39).  This  affords  another  illustration,  that  the  most  vio- 
lent reducing  agencies  of  the  laboratory  are  required  to  accomplish 
changes  constantly  carried  on  by  the  silent  forces  of  plants. 

At  the  present  time,  there  appears  a  degree  of  encouragement, 
that  the  synthetic  manufacture  of  the  alkaloids,  hitherto  obtained 
from  plants,  will  sometime  become  realized  as  an  industry.  Not 
from  the  chance  efforts  of  ignorant  dreamers,  nor  from  any  prema- 
ture short  cuts  of  special  attempt,  but,  if  at  all,  from  the  well- 
earned  progress  of  the  science  of  the  world  will  these  results  be 
accomplished. 

A  large  amount  of  well  directed  chemical  investigation  in  the 
service  of  manufacturing  interests  is  devoted  to  reasonable  ques- 
tions of  new  production  of  alkaloids —  including  the  conversion  of 
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those  more  abundant  into  those  more  valuable.  Artificial  alka- 
loids of  a  composition  allied  to  natural  ones  are  being  constantly 
put  upon  trial  as  respects  their  usefulness  in  medicine  and  the  arts. 
The  periodicals  of  pharmacy  and  medicine  are  thickly  strewn  with 
records  of  the  physiological  power  of  new  alkaloids,  especially  of 
quinoline  derivatives  of  many  forms,  "  Kairines  Fj.  to  Q.,"  "  thai- 
lines,"  and  "  antipyrines,"  eth^'l  morphine,  and  methyl  and  ethyl 
strychnine.  It  should  not  surprise  us,  if,  at  any  time,  artificial  al- 
kaloids should  assume  a  commercial  importance  rivalling  that  of 
articles  already  brought  into  general  use,  such  us  carbolic  and  sal- 
icylic acids. 

IV.     New  Azo  and  Diazo  Bases. 

It  was  said  that  the  nitrogen  of  organic  bases  in  general,  whether 
of  the  pyridine  t^-pe  or  otherwise,  still  conforms  to  the  type  of  am- 
monia, preserving  the  valence  and  the  character  so  well  known  in 
ammoniacal  compounds.  To  this  statement  perhaps  an  exception 
should  be  made,  as  it  does  not  apply  to  the  diazo  compounds. 
However,  the  diazo  compounds  are  not  distinctly  bases,  but  act 
both  as  bases  and  as  acids.  The  azo  compounds,  acting  alone,  are 
scarcely  bases  at  all,  but  in  conjugation  as  azo-amido  compounds 
they  unite  with  acids  to  form  salts,  and  such  salts  owe  much  of 
their  character  to  their  azo-nitrogen.  The  nitrogen  of  the  class  of 
azo  and  diazo  compounds  in  general  is  nitrogen  acting  in  a  way 
intermediate  between  that  of  the  basal  nitrogen  of  the  ammonia 
type  and  acidulous  nitrogen  of  organic  nitro-acids.  And  so  far 
as  they  represent  bases,  the  diazo  and  azo  types  of  structure  must 
be  taken  into  account  in  a  survey  of  the  base-forming  activities  of 
nitrogen. 

The  diazo  compounds  were  produced  (40)  shortly  before  the  date 
of  Kekule's  lucid  theory  of  aromatic  chemistry  ;  the  azo  compounds 
were  obtained  (41)  much  earlier,  but  both  classes  of  substances 
were  seen  through  definite  rational  formulae  after  1865  (42).  The 
diazo  group  contains  two  atoms  of  nitrogen  so  interlinked  that  the 
group  serves,  with  a  valence  of  only  two,  to  connect  the  benzene 
group  on  one  side  with  an  acid  or  metallic  radical  on  the  other 
side.  Diazo  compounds  are  very  frail,  readily  breaking  up  with 
explosive  violence,  due  to  the  liberation  of  free  nitrogen.  The  azo 
compounds,  less  instable,  have  the  same  bivalent  group  of  two  ni- 
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trogen  atoms,  here  interposed  between  two  benzene  rings.  Wliat- 
ever  be  the  truth  as  to  the  valences  of  nitrogen  in  the  diazo  group 
it  is  impossible  to  avoid  thinking  that  the  two  atoms  are  united  to 
each  otlier  by  two  units  of  valence  of  each  :  ( —  N^N  — ).  This 
structure,  at  all  events,  is  wholly  unlike  that  of  the  ammonia  type, 
but  bears  some  resemblance  to  that  of  isocyanogen. 

Almost  innumerable  color  compounds  of  the  azo  and  diazo  for- 
mation have  been  manufactured  from  coal-tar  materials,  but  not 
until  now  (to  the  writer's  knowledge)  has  the  azo  type  been  dis- 
covered in  immediate  relation  to  natural  organic  products. 

This  year  Dr.  V.  C.  Vaughn,  from  fui'ther  work  upon  the  album- 
inoid decomposition  product  tyrotoxicon  (43),  has  announced  the 
identity  of  this  body  with  diazobenzene  (44),  and  says,  "We 
think  it  highly  probable  that  diazobenzene  or  some  closely  allied 
substance  will  be  found  in  all  those  foods,  which  from  putrefactive 
changes  produce  nausea,  etc."  The  same  author  gives  his  con- 
viction that  diazobenzene,  and  possibly  allied  bodies,  are  "  transi- 
tion products  of  putrefaction." 

The  study  of  albuminoid  constitution  has  scarcely  been  entered 
upon  as  yet  with  advantage,  and  the  relations  of  albuminoid  nitro- 
gen may  yet  add  new  chapters  of  the  highest  interest  in  the  history 
of  this  element.  It  has  been  deemed  highly  probable  on  certain 
experimental  data,  that  albuminous  substances,  like  alkaloids,  are 
built  up  through  the  transition  of  the  pyridine  compounds.  On 
evidence  just  cited  it  may  appear  that  the  same  bodies  are  broken 
down  through  the  transition  of  the  diazo  compounds.  Whatever 
may  be  in  reserve  for  future  chemistr3',  to  come  from  the  study  of 
the  proteids  of  food,  its  importance  is  sure  to  belong,  in  greater 
part,  to  the  chemistry  of  nitrogen. 

In  the  brief  and  inadequate  review  now  concluded,  an  early  men- 
tion was  made  of  those  first  two  steps  that  counted  so  much  then 
for  progress,  the  making  of  methylamine  by  Wurtz,  and  the  proof 
of  primary  and  secondary  amines  by  Hofmann.  Of  these  workers, 
the  one  died  onlj'  three  years  ago,  and  the  other  is  living  as  an 
active  promoter  of  science.  The  advances  made  in  the  lifetime  of 
these  men  bring  a  deep  sense  of  gratitude  to  the  heart  of  every 
chemist.  We  pay  honor  to  them  for  the  good  works  they  in  their 
days  have  done,  and  we  have  been  grateful,  with  them,  for  the  rich 
and  beneficent  fruits  they  in  their  lives  have  seen. 
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On    the  CON8T1TXJENTS   OF  WILD    CHERRY  BARK  CPrUNUS  SEROTINA,  EhR- 

hart).   By  Frederick  B.  Power  and  Hexry  Weimar,  Madison,  Wis. 

[ABSTRACT.] 

The  bark  of  the  wild  cherry  (Prunus  serotina  Ehrhart,  P.  virginiana 
Miller,  Cerasvs  serotina  Loiseleur)  appears  to  have  been  first  examined 
chemically  by  Stephen  Procter^  who  inferred  the  constituents  to  be  :  "starch, 
resin,  tannin,  gallic  acid,  fatty  matter,  lignin,  red  coloring  matter,  volatile 
oil,  hydrocyanic  acid,  salts  of  lime  and  potassa,  and  iron."  The  hydrocy- 
anic acid  was  well  identified  by  Procter,  and  the  volatile  oil  was  observed 
to  be  "extremely  analogous  in  its  properties  to  the  essential  oil  of  bitter 
almonds." 

The  next  investigation  of  this  subject  was  by  William  Procter,  Jr.,*  who 
proved  that  the  volatile  oil  and  hydrocyanic  acid  do  not  preexist  in  the 
bark,  but  are  formed  from  a  principle  "which  acts  as  amygdalin,  and  a 
decomposing  agent  which,  like  emulsin,  is  rendered  inert  by  ebullition." 

It  was  formerly  supposed  that  the  bark  also  contained  phlorizin,  but 
this  principle  could  not  be  found  therein  by  Mr.  Perot,^  and  the  editors  of 
the  U.  S.  Dispensatory,  xv  edition,  p.  1194,  therefore  express  the  opinion 
that  "the  tonic  property  must  reside  either  in  the  portion  of  amygdalin 
which  may  remain  undecomposed,  in  the  pure  volatile  oil  resulting  from 
its  reaction  with  water,  or  in  some  yet  undiscovered  principle."  The  cor- 
rectness of  these  inferences  the  editors  state,  loc.  cit.,  would  seem  to  be 
proved  by  an  experiment  of  Professor  Procter,  "  who  found  the  bitterness 
of  an  extract  of  the  bark  to  remain  after  it  had  been  wholly  deprived  of 
amygdalin." 

From  the  time  the  above  mentioned  Investigations  were  made  to  the 
present  day  most  of  the  commentaries  and  text-books  on  materia  medica 
have  continued  to  make  the  unqualified  statement  that  wild  clierry  bark  con- 
tains amygdalin  and  emulsin,  notwithstanding  the  fact,  as  a  perusal  of  the 
original  papers  referred  to  will  show,  that  neither  of  these  substances 
has  as  yet  actually  been  isolated  from  this  source. 

It  might,  indeed,  seem  reasonable  to  conclude  that,  since  wild  cherry 
bark,  in  contact  with  water,  aflbrds  benzaldehyde  (bitter  almond  oil)  and 
hydrocyanic  acid,  these  bodies  must  be  formed  from  principles  identical 

« Amer.  Journ.  Pharm.,  1834,  Vol.  vi.  p.  8.  *  Ibid.  1838,  Vol.  X,  p.  197. 

»  Ibid.  1852,  Vol.  XXIV,  p.  111. 
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with  those  contained  in  the  bitter  almond,  which,  as  is  well  known,  have 
already  been  isolated,  and  their  chemical  and  physical  characters  definitely 
and  accurately  established. 

This  inference,  however,  is  not  necessarily  correct,  since  Kitthausen  and 
Kreusler*  have  shown  that  vetch  seeds  afibrd  benzaldehyde  and  hydrocyanic 
acid,  although  they  do  not  contain  amygdalin ;  and  a  still  more  interesting 
example  from  the  animal  kingdom  is  presented  by  a  myriapod  belonging  to 
the  genus  Fontaria,  which,  when  irritated,  diffuses  the  odor  of  hydrocyanic 
acid,  and,  upon  distillation  with  water,  affords  the  latter  substance,  to- 
gether with  benzaldehyde.*  The  substance  which,  in  this  instance,  by  the 
action  of  a  ferment,  affords  these  principles  cannot  be  identical  with  amyg- 
dalin, since  it  is  soluble  in  ether.  It  has  also  been  proved  that  cherry- 
laurel  leaves  do  not  contain  crystallizable  amygdalin,  although  upon  distil- 
lation with  water  they  afford  products  analogous  to  those  of  the  bitter 
almond.* 

The  conclusion  that  wild  cherry  bark  contains  amygdalin''  appears  more- 
over, independent  of  its  botanical  relationship  with  the  bitter  almond,  to 
be  based  entirely  upon  the  fact  that  Procter,  by  appropriate  treatment,  ob- 
tained a  colorless  aqueous  solution,  which,  in  contact  with  emulsin,  devel- 
oped hydrocyanic  acid  and  benzaldehyde. 

In  the  "  Pharmacographia,"  second  edition,  p.  254,  in  connection  with 
the  subject  of  wild  cherry  bark,  the  authors  make  the  more  reserved  state- 
ment that  "the  bitterness  and  odor  of  the  fresh  bark  depend  no  doubt  on 
the  presence  of  a  substance  analogous  to  amygdalin,  which  has  not  yet  been 
examined." 

It  was,  therefore,  with  an  endeavor  to  ascertain  whether  crystallizable 
amygdalin  was  contained  in,  or  could  be  isolated  from,  wild  cherry  bark, 
as  also  to  obtain  some  further  information  regarding  the  supposed  distinct 
bitter  principle,  that  the  following  preliminary  investigation  was  under- 
taken. 

1.    Examination  for  Amygdalin. 

One  kilogram  of  the  bark,  in  No.  40  powder,  was  digested  with  95  per 
cent  alcohol  for  half  an  hour  on  a  water  bath.  The  liquid  was  then  filtered 
and  the  residue  treated  repeatedly  in  this  manner  until  the  filtrate  was 
nearly  colorless.  This  liquid  was  then  distilled  until  two-thirds  of  the  al- 
cohol was  recovered.  The  residue  had  a  very  dark  color  and  a  strongly 
astringent  taste,  due  to  the  tannic  acid.  In  order  to  remove  the  latter  the 
liquid  was  digested  with  oxide  of  lead,  subsequently  allowed  to  dry  with 
the  latter  on  a  water-bath,  and  afterward  extracted  with  strong  alcohol. 

«  Fluckiger's  Pharmakognosie,  second  edit.,  p.  964  and  Jahvesbericht  der  Chemie, 
1870, p.  883. 

»  FlUckiger,  loc.  cit.  p.  955  and  Ber.  d.  dentsch.  Chem.  Ges.  1883,  p.  92. 

•  Jahresbericht  der  Pharm.,  etc.,  1874,  p.  197. 

»  Our  references  to  amygdalin  in  this  paper  will  be  understood  as  referring  to  pure, 
crystallizable  principle,  CioH^NO,!  which  may  so  easily  be  obtained  from  the  bitter 
almond  by  the  process  of  Liebig  &  WiJhler. 
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The  filtered  alcoholic  liquid  had  a  light  green  color,  and  still  contained 
considerable  tannin.  It  was  therefore  again  evaporated,  whereby  consid- 
erable chlorophyll  separated  out,  was  treated  with  a  second  portion  of  ox- 
ide of  lead  and  filtered.  The  filtrate  now  obtained  was  of  a  light  brown 
color  and  gave  but  a  slight  reaction  for  tannin.  It  was  evaporated  to  one- 
half  its  volume,  when  a  small  amount  of  resinous  matter  separated,  which 
was  removed  by  filtration.  This  filtrate,  which  was  of  a  light  yellowish 
color,  developed  a  strong  odor  of  hydrocyanic  acid  when  mixed  with  an 
emulsion  of  sweet  almonds.  It  was  allowed  to  evaporate  spontaneously 
until  it  ultimately  assumed  the  form  of  a  thick  syrup,  but  separated  no 
crystalline  substance. 

II.    Examination  for  Emulsin. 

Five  hundred  grams  of  the  bark,  in  No.  40  powder,  were  macerated  with 
cold  95  per  cent  alcohol  for  twenty-four  hours,  in  order  to  extract  as  much 
as  possible  of  the  amygdalin  or  other  principle  which  would  react  with  the 
emulsin  when  subsequently  treated  with  water.  The  alcoholic  liquid  was 
filtered  off,  and  the  residual  bark  dried  without  the  aid  of  heat.  The  bark 
was  then  macerated  for  twenty-four  hours  with  cold  water,  when  a  slight 
odor  was  developed  indicating  that  the  amygdalin-like  principle  had  not 
been  completely  removed  by  the  previous  treatment  with  alcohol.  The 
aqueous  liquid  was  now  filtered,  and  to  the  filtrate  a  large  volume  of  alco- 
hol was  added  which  produced  a  flocculent,  whitish  precipitate.  This 
was  collected,  dried  without  the  aid  of  heat,  and  then  brought  in  contact 
with  an  aqueous  solution  of  pure,  crystallized  amygdalin,  but  no  odor  of 
hydrocyanic  acid  was  developed.  This  experiment  would  indicate  that  the 
peculiar  ferment  principle  contained  in  wild  cherry  bark  is  not  identical 
with  the  emulsin  of  almonds,  or  at  least  that  it  is  not  easily  obtained  by  an 
analogous  process.  Its  separation  therefore  still  remains  to  be  accom- 
plished. 

III.     Examination  for  a  Bitter  Principle. 

Since  Procter,  as  previously  stated,  found  the  bitterness  of  an  extract 
of  the  bark  to  remain  after  it  had  been  wholly  deprived  of  the  so-called 
amygdalin,  an  experiment  was  made  to  ascertain  the  presence  of  a  distinct 
bitter  principle. 

A  portion  of  the  bark  which  had  previously  been  extracted  with  warm 
alcohol  was  digested  with  water  for  half  an  hour  on  a  water-bath  and  fil- 
tered. The  filtrate  had  a  slight  odor  of  hydrocyanic  acid,  indicating  that 
a  small  amount  of  the  amygdalin-like  principle  had  escaped  extraction  by 
the  alcohol.  The  aqueous  filtrate  was  now  precipitated  by  basic  lead  ace- 
tate, filtered,  and  the  excess  of  lead  removed  from  the  filtrate  by  hydrogen 
sulphide.  The  filtrate  from  the  lead  sulphide  was  evaporated  to  a  small 
volume  on  a  water-bath.  It  was  strongly  acid,  owing  to  the  acetic  acid 
formed  in  the  liquid  through  the  decomposition  of  the  lead  salt,  but  with- 
out any  marked  bitterness.  Tannic  acid  produced  in  the  liquid  a  very 
slight  precipitate,  which  was  so  small  that  it  did  not  admit  of  further  in- 
vestigation. 
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An  attempt  to  isolate  the  bitter  principle  of  wild  cherry  bark  was  also 
made  some  years  ago  by  Mr.  J.  L.  Williams'  who  pursued  a  different  proc- 
ess, but  which  was  not  attended  with  very  satisfactory  results. 

It  is  quite  evident  from  these  results  that  the  bark  does  not  contain  any 
appreciable  amount  of  a  bitter  substance,  which,  like  most  representatives 
of  the  class  of  so-called  ''bitter  principles,"  is  precipitated  by  tannic  acid. 
On  tlie  other  hand,  experiments,  to  be  subsequently  described,  lead  us  to 
conclude  that  the  bitterness  is  due  to  another  peculiar,  crystallizable  prin- 
ciple, which  is  obtained  in  quite  a  different  manner. 

IV.     Second  Examination  for  Amygdalin. 

Since  the  first  endeavor  to  isolate  crystallizable  amygdalin  from  the  bark 
was  unsuccessful,  another  experiment  was  made,  based,  with  necessary 
modifications,  upon  the  process  employed  by  Liebig  and  Wohler^  for  the 
preparation  of  amygdalin  from  bitter  almonds. 

One  kilogram  of  the  bark,  in  No.  40  powder,  was  exhausted  on  a  water- 
bath  with  hot  95  per  cent  alcohol.  The  liquid  was  then  filtered  and  dis- 
tilled until  five-sixths  of  the  alcohol  had  distilled  over.  The  alcoholic 
residue  was  then  shaken  with  half  its  volume  of  ether,  and  allowed  to 
stand  for  twenty-four  hour's,  but,  as  no  precipitate  formed,  the  ether  was 
allowed  to  evaporate  from  the  mixture  spontaneously.  The  residual  liquid 
was  then  treated  with  a  solution  of  gelatiia  in  order  to  remove  the  tannin. 
This  formed  a  dark,  leathery  precipitate,  which  was  filtered  off,  and  the  fil- 
trate evaporated  on  a  water-bath  to  one-third  its  volume.  The  excess  of 
gelatin  was  removed  from  this  liquid  by  means  of  strong  alcohol,  the  pre- 
cipitate filtered  off  and  the  alcohol  removed  by  evaporation.  A  small  por- 
tion of  the  liquid  was  now  tested  with  an  emulsion  of  sweet  almonds, 
when  a  strong  odor  of  hydrocyanic  acid  was  developed.  The  entire  liquid 
was  then  evaporated  on  a  water-bath  to  a  small  volume,  and  placed  in  a 
desiccator  over  sulphuric  acid  to  ascertain  whether  any  crystalline  sub- 
stance could  be  obtained.  After  standing  for  twenty-four  hours  the  liquid 
became  thick  and  syrupy,  and  was  found  to  contain  considerable  quantities 
of  sugar.  Since  the  latter  substance  could  easily  prevent  the  crystalli- 
zation of  any  other  principle,  the  first  step  was  to  effect  its  removal.  Be- 
fore doing  so,  however,  a  preliminary  experiment  was  made  with  a  solution 
containing  pure,  crystallized  amygdalin,  grape  sugar  and  yeast,  in  order 
to  determine  whether  the  process  of  fermentation  would  destroy  the  amyg- 
dalin. This  was  found  not  to  be  the  case,  and  therefore  the  syrupy  liquid 
obtained  from  the  bark  was  treated  with  yeast,  and  the  sugar  completely 
removed  by  fermentation.  The  fermented  liquid  had  an  odor  of  hydrocy- 
anic acid,  and  afforded  a  strong  reaction  for  this  substance  with  Schon- 
bein's  test.  It  thus  seemed  evident  that  a  little  of  the  principle  contained 
in  the  liquid  had  become  decomposed  by  the  action  of  some  albuminous 
substance  of  the  j^east.    The  filtered  liquid,  however,  when  tested  with  au 

8  Amer.  Journ.  Pharm.  1875,  p.  63. 
»  Hnsemann-Hilger,  Die  PflanzenstofTe,  2nd  edit.,  p.  1018. 
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emulsion  of  sweet  almonds,  still  developed  a  strong  odor  of  hydrocyanic 
acid.  It  was  now  allowed  to  evaporate  in  a  desiccator  over  sulphuric  acid, 
but  afforded  ultimately  a  thick,  syrupy  liquid  fVom  which  no  crystalline  sub- 
stance could  be  obtained,  altliough  it  was  perfectly  free  from  sugar. 

The  endeavors  to  obtain  crystallizable  aniygdalin  from  wild  cherry  bark 
are  thus  seen  to  have  been  attended  with  negative  results.  The  substance 
contained  in  the  bark,  which,  in  contact  with  emulsin,  affords  benzaldehyde 
and  hydrocyanic  acid,  could  only  be  obtained  in  an  amorphous,  extract-like 
form,  resembling  more  closely  in  its  general  properties  the  so-called  lauro- 
cerasin'^of  cherry-laurel  leaves,  to  which  the  formula  C40H67N30O  has  been 
assigned. 

V.    A  Fluorescent  Pnnciple. 

The  syrupy  liquid  above  described,  from  which  the  sugar  had  been  com- 
pletely removed  by  fermentation,  was  found,  upon  the  addition  of  alkalies, 
to  develop  a  handsome  and  intense  bluish  fluorescence.  The  liquid  was 
shaken  with  ether  which  took  up  the  fluorescent  principle  and  left  it  upon 
spontaneous  evaporation  in  the  form  of  small,  needle-shaped  crystals. 
They  were  purified  by  recrystallization  from  ether,  and  were  thus  obtained 
quite  colorless.  The  crystals  are  sparingly  soluble  in  cold  water,  but  dis- 
solve readily  in  hot  water.  The  aqueous  solution,  even  when  very  dilute, 
shows  a  handsome  blue  fluorescence,  which  is  much  intensified  on  the  ad- 
dition of  ammonia  or  a  fixed  alkali  and  is  destroyed  by  acids,  but  may  be 
again  developed  upon  supersaturation  with  an  alkali.  The  crystals  have 
no  odor,  but  possess  a  very  bitter  taste.  They  fuse  at  about  153°  C.  Tliey 
give  no  reaction  for  sugar  until  after  heating  with  a  dilute  acid,  thus  indi- 
cating the  substance  to  be  a  glucoside. 

Mr.  R.  Rother"  has  also  recently  directed  attention  to  this  fluorescent 
principle,  which  he  obtained  by  a  somewhat  peculiar  and  very  circumstan- 
tial process,  in  apparently  small  amount.  It  therefore  seems  proper  to 
state  that  we  had  obtained  the  fluorescent  principle  in  a  crystalline  form 
several  months  prior  to  the  publication  of  Mr.  Rother's  paper.  The  latter 
gentleman  states  regarding  it  that,  "judging  from  its  crystalline  form  it 
does  not  appear  to  be  mandelic  acid,  a  decomposition  product  of  amyg- 
dalin.  It  may,  however,  be  au  analogue,  or  a  substituted  derivative  of  it. 
This  conjecture  leads  to  the  legitimate  question,  whether  or  not  it  is  amyg- 
dalin  as  such,  from  which  the  benzoic  aldehyde  and  cyanhydric  acid  of 
syrup  of  wild  cherry  result." 

The  conjecture  regarding  the  identity  of  this  fluorescent  principle  with 
amygdalin  may  be  at  once  dismissed,  for  our  investigation  leads  us  to  be- 
lieve tliat  wild  cherry  bark  does  not  contain  crystallizable  amygdalin.  The 
latter  substance  is  furthermore  insoluble  in  ether,  and  perfectly  devoid 
of  fluorescence  In  either  a  purely  aqueous  or  an  alkaline  solution.  The 
fluorescent  principle  also  appears  to  differ  in  some  of  its  properties  from 

>*  FIlickiger'B  Pbarmakognoale,  2d  edit.,  p.  72S,  and  Jabresberlcbt  dor  Pbarm.,  etc. 
1874,  i».  1U7. 

»'  Ainer.  Juurn.  Pbaiin.,  1887,  p.  280. 
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aesculin,  although  the  melting  points  of  the  two   substances  are  quite 
closely  connected. 

To  summarize  the  results  of  this  investigation,  which  we  can  only  regard 
as  preliminary  to  a  more  complete  study  of  the  subject,  we  may  form  the 
following  conclusions : 

1.  That  wild  cherry  bark  does  not  contain  crystallizable  amygdalin,  but 
an  analogous  substance,  possessing  a  somewhat  bitter  taste,  and  as  yet 
only  obtainable  in  an  amorphous,  extract-like  form.  As  before  observed, 
it  appears  to  be  more  closely  related  to  the  so-called  lauro-cerasin  of  cherry 
laurel  leaves. 

2.  That  the  ferment  principle  contained  in  the  bark  is  not  identical  with 
the  emuisin  or  synaptase  of  almonds,  or,  at  least,  cannot  be  isolated  by  an 
analogous  process. 

3.  A  fluorescent  principle  exists  in  the  bark  which  crystallizes  in  color- 
less needles  and  has  the  characters  of  a  glucoside.  This  substance,  whose 
elementary  composition  and  chemical  pi'operties  we  hope  more  fully  to  de- 
termine, also  appears  to  represent  the  peculiar  bitter  principle  of  the  bark. 

University  of  Wisconsin,  July,  1887. 


On  the  fatty  acids   of  thk  drying  oils.      By  Prof.  L.  M.  Norton, 
Mass.  Institute  of  Technology,  Boston,  Mass. 

[ABSTRACT.!] 

LiNOLKicacid  is  first  discussed  and  the  probability  that  it  possesses  the 
symbol  CisHiiaOa  is  discussed.  The  author  then  shows  that  the  fatty  ac- 
ids of  the  drying  oils  are  either  volatile  in  vacuo  or  give  volatile  products. 
The  properties  of  the  volatile  product  to  be  obtained  from  linoleic  acid 
are  given  together  with  the  analysis  symbol  C^oHagOj  and  a  similar  series 
of  experiments  upon  ricinoleic  acid  are  also  described.  It  seems  likely  that 
this  method  of  examining  these  drying  acids  will  shed  much  light  on  the 
composition  of  the  drying  oils.  It  seems  certain  that  the  constitution  of 
the  drying  oils  is  complex  and  that  the  simple  acids  previously  supposed 
to  exist  in  them  are  mixtures  of  several  acids  and  that  among  them  is  one 
important  one,  C20H36O2. 


Percentage  of  ash  in  human  bones  of  different  ages.*    By  Prof. 
William  P.  Mason,  Rens.  Poly.  Inst.,  Troy,  N.  Y. 
[abstract.] 
This  paper  Is  little  more  than  a  table,  giving  per  cent  of  inorganic  ma- 
terial in  the  bones  of  subjects,  whose  age,  sex,  color,  nationality,  occupa- 
tion, habits  and  fatal  disease,  are  more  or  less  known.     The  chemical  work 

1  Published  in  the  Berichte  der  deutscher  chemischen  Gesellschaft. 
"  Whole  report  sent  to  London  Chem.  News. 
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has  been  supplemented  by  breaking  columns  of  the  bones  (of  standard 
size)  on  a  testing  machine.  The  investigation  was  originally  started 
with  a  view  of  determining  the  cause  of  the  increase  in  brittleness  with 
advancing  years.  Nothing  more  is  attempted  at  this  time  than  a  report  of 
progress,  but  enough  bones  have  been  examined  (fifty)  to  show  that  the 
popular  notion  that  the  earthy  constituents  increase  in  amount  with  age, 
is  without  foundation.  The  work  is  unfinished,  but  the  report  on  it  is 
made  so  far  as  it  has  been  pursued,  in  view  of  the  exceeding  difliculty  of 
obtaining  supplies ;  and,  also,  in  part,  on  account  of  loss  of  material 
through  burning  of  the  laboratory.  It  will  take  some  considerable  time 
to  collect  new  specimens. 


Amount  of  moisture  left  in  a  gas  aftkr  drying  by  phosphorus  pen- 
ToxiDE.    By  Prof.  Edward  W.  Morley,  Cleveland,  Ohio. 

[abstract.] 

Two  experiments  have  been  made  by  drying  air  with  P2O5,  and  then 
passing  it  through  a  weighed  apparatus  where  the  air  is  first  slightly 
moistened,  then  expanded,  and  again  dried  by  PaOg.  The  loss  of  weight, 
if  any,  in  this  apparatus,  is  due  to  the  amount  of  moisture  remaining  in 
the  volume  added  to  the  air  by  expansion.  In  an  experiment  where  this 
increase  was  about  1700  litres,  the  loss  of  weight  was  less  than  -/j  mg. ; 
in  an  experiment  where  the  increase  of  volume  was  2600  litres,  the  loss  of 
weight  was  rather  more  than  ^j-  mg. 

If  we  could  consider  the  figures  as  exact,  they  would  show  that  |  mg. 
moisture  is  left  in  10,000  litres  of  air  after  passing,  75  litres  an  hour, 
through  a  column  of  P2OJ  2  era.  in  diameter  and  8  cm.  long.  But  it  is 
obvious  that  the  experiments  fail  to  prove  that  any  moisture  is  left  un- 
absorbed,  and  do  prove  that,  if  any,  it  cannot  be  detected  with  any  prob- 
ability in  4300  litres  of  a  gas. 


Improvement  in  stand  fob  electrolysis.     By  Prof.  William  Halb 
Uerrick,  State  College,  Pa. 

[ABSTRACT.] 

Addition  to  stand  described  by  v.  Malapert,  in  Zelts.  Anal.  Chem.  26, 
56,  allowing  the  use  of  platlnuna  dishes  for  electrolysis,  and  the  heating 
of  solutions  therein. 
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Causes,  progress  and  cure  op  the  epidemic  of  typhoid  fever  at 
Mr.  Holly,  N.  J.,  June,  1887.  By  Dr.  Albert  K.  Lkkds,  Hoboken, 
N.J. 

[abstract.] 

The  private  corporation  supplying  Mt.  Holly,  a  town  of  six  thousand 
inhabitants,  with  water,  located  the  intake  of  its  pumping-station  upon  a 
small  mill-race  connected  with  Rancocas  Creek.  When  the  mill  was  run- 
ning, water  passed  through  this  race,  otherwise  not.  The  intake  was  a 
crib  placed  in  an  angle  along  this  race,  and  out  of  the  little  current  flow- 
ing therein.  The  suspended  mud  settled  in  this  crib  and  flowed  down  an 
inclined  pipe  into  the  pump-well  of  the  pumping-engine,  and  was  drawn 
up  and  discharged  with  the  water  in  the  town.  The  water  in  Rancocas 
Creek  is  at  all  times  coffee  colored,  from  the  dissolved  peat  derived  from 
cedar  swamps  in  its  drainage-basin,  but  has  not  been  known  to  originate 
gastric  disturbances  in  consequence.  Prior  to  the  recent  epidemic  there 
had  been  typhoid  fever  in  Smithville,  a  village  located  on  Rancocas  Creek, 
four  miles  above  Mt.  Holly.  More  especially  there  had  been  a  fatal  case 
in  a  house,  which  communicated  by  a  drain  pipe  directly  with  the  creek, 
this  drain  being  less  than  100  feet  in  length,  and  all  the  dejecta  of  the  pa- 
tient being  cast  into  the  drain  without  prior  disinfection.  This  case  had 
continued  until  May,  and  in  the  latter  part  of  that  month,  typhoid  fever 
broke  out  in  Mt.  Holly,  those  attacked  in  every  instance  using  the  Ranco- 
cas Creek  water. 

As  the  circumstances,  the  period  of  incubation,  and  the  lack  of  other 
equally  plausible  explanations,  pointed  to  the  defilement  of  the  water  by 
infected  sewage  at  Smitliville,  I  compai'ed  the  analyses  of  the  water,  both 
chemical  and  biological,  sample  I  being  taken  above  Smithville,  and  sam- 
ple II  from  the  intake  of  the  Mt.  Holly  pumping-station. 

I  II 

Free  ammonia,  0.002  pts.  per  100000  0.006  pts.  per  100000 

Albuminoid  ammonia,      0.015       "      "        "  0.0155    "     "        " 

Oxygen  required  to  oxi- 
dize organic  matters,     0  45      "      "        "  0.55       "     »*         " 

Though  in  each  case  the  figures  indicate  larger  percentages  than  should 
be  present  in  water  of  satisfactory  quality,  and  though  that  taken  from 
the  intake  shows  manifest  contamination,  yet  the  chemical  analysis  alone 
would  have  been  quite  inadequate.  But  by  gelatine-peptone  cultures,  I 
found  there  were  present  in  the  Smithville  sample,  only  fifty  bacteria  per 
cubic  centimeter,  while  in  the  sample  from  Mt.  Holly  there  were  8u00  per 
cubic  centimeter.  Very  remarkably  the  fifty  were,  as  far  as  could  be  de- 
termined, of  one  species,—  the  common  Bacterium  termo  ;  while  the  8000 
were  mostly  one,  but  that  of  a  different  species,  the  Bacterium  lineola. 
These  are  scavenger-bacteria,  and  I  do  not  by  any  means  assert  that  these 
bacteria  were  the  specific  bacteria  of  the  typhoid  inlection.    It  is  possible 
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these  had  all  gone  past  the  intake  at  the  time  when  I  collected  the  sam- 
ples, July  21.  An  examination  of  the  dejecta  of  two  patients  showed  an 
immense  number  of  a  straight  bacillus,  0.006  mm.  in  length  and  0.0002 
mm.  in  breadth.  The  small  intestine,  obtained  from  an  autopsy,  revealed 
a  vast  number  of  micrococci.  The  bacillus  of  Eberth,  supposed  by 
some  to  be  the  specific  bacillus  of  typhoid,  I  could  not  find.  The  most 
surprising  result,  and  one  of  the  greatest  practical  importance,  was  this  : 
—  On  adding  one  half  a  grain  of  alum  to  the  water  taken  at  the  Mt.  Holly 
Intake,  the  peat  was  precipitated,  the  liquid  becoming  colorless  and  lim- 
pid. On  drawing  up  in  a  pipette  a  sample  of  this  clarified  water,  it  was 
found  to  contain  only  eighty  bacteria  per  cubic  centimeter.  On  filtering 
through  a  double  thickness  of  sterilized  filter-paper,  the  filtrate  was  found 
to  contain  no  microbes  whatsoever,  so  far  as  the  method  of  gelatine-pep- 
tone cultures  was  conclusive  on  this  point.  I  would,  therefore,  advocate 
the  use  of  this  minute  amount  of  alum,  which  is  too  small  to  be  detected 
by  the  taste,  and  which  moreover  is  subsequently  precipitated  in  combi- 
nation with  the  peat,  as  an  effectual  method  of  sterilizing  such  waters, 
and  coupled  with  proper  filtration,  of  rendering  them  wholesome  and  safe 
for  drinking  purposes. 


A  NEW  METHOD  FOR  THE  PREPARATION  OF  ANHYDROUS  ALUMINUM  CHLO- 
RIDE.    By  Prof.  C.  F.  Mabery,  Cleveland,  Ohio. 

[ABSTRACT.] 

When  dry  hydrochloric  acid  gas  is  passed  over  an  alloy  of  copper  and 
aluminum  heated  below  redness,  the  aluminum  is  completely  converted 
into  the  chloride  while  the  copper  is  hardly  afl'ected.  The  formation  of 
the  anhydrous  chloride  proceeds  most  satisfactorily  when  the  alloy  con- 
taining from  fifteen  to  forty  per  cent  of  aluminum  is  pulverized  and  mixed 
with  fine  charcoal  to  prevent  the  copper  from  uniting  in  a  solid  mass. 
By  this  method  anhydrous  chloride  may  be  obtained  free  from  iron  or  sil- 
icon. The  anhydrous  chloride  is  also  formed  when  dry  hydrochloric  acid 
gas  is  allowed  to  act  upon  aluminum  as  it  is  reduced  from  the  oxide  by  an 
electric  current. 


The  action  op  aromatic  amines  upon  certain  substituted  unsatu- 
rated ACIDS.    By  Prof.  C.  F.  Mabery,  Cleveland,  Ohio. 
[abstract.! 
The  vigorous  action  that  the  aromatic  amines  exert  on  the  substituted 
acrylic  and  proplollc  acids  results  in  the  elimination  of  the  halogens  and 
frequently  of  the  carboxyl  group.   With  aniline  in  alcoholic  solution,  brom- 
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propiolic  acid  gives  a  product  which  is  shown  by  analysis  to  have  the  for- 
mula, Ci4  Hi4  N2.  This  substance  forms  a  chloride  Cu  Hu  N2  CI  and  a 
platinum  salt  C14  Hie  Pt  Cle.  Its  melting  point  is  134°  which  shows  that  it 
is  not  diamido  stilben  (melting  point  170°)  with  which  its  empirical  for- 
mula appears  to  be  identical.  Analogous  products  are  formed  by  the 
action  of  the  toluidines  upon  brompropiolic  acid.  Paratoluidine  gives  a 
product  with  the  formula  Cie  Hjg  N2.  It  forms  a  chloride  C16  H19  N2  CI 
and  a  platinum  salt  Cie  H20  H2  Ft  Cle.  This  substance  melts  at  116°.  The 
products  of  the  reactions  with  ortho-  and  meta-toluidines  and  with  other 
amines  await  examination ;  also  those  of  similar  reactions  which  take 
place  with  the  substituted  acrylic  acids. 


Constitution  of  the  sulphur  compounds  in  crude  petroleum  oils. 
(Preliminary  notice).    By  Prof.  C.  F.  Mabery,  Cleveland,  Ohio, 

[ABSTRACT.] 

The  sulphur  compounds  in  crude  petroleums  distil  at  all  temperatures 
in  the  process  of  refining,  although  we  have  found  by  analysis  of  the  dif- 
ferent fractions  that  they  collect  in  the  largest  quantity  between  200°  and 
300°.  They  are  not  extracted  in  any  considerable  quantity  by  alcohol, 
this  alcoholic  extract  usually  containing  about  one-third  of  the  sulphur  in 
the  crude  oil.  As  is  well  known  strong  sulphuric  acid  removes  the  sul- 
phur compound  to  a  large  extent  from  the  crude  oil  with  the  formation  as 
it  appears  of  a  sulpho-acid.  Upon  neutralization  of  the  acid  with  plumbic 
carbonate  a  lead  salt  remains  in  solution  and  it  may  be  recovered  by  evap- 
oration to  dryness  on  the  steam  bath.  This  lead  salt  appears  to  be  quite 
unstable  and  at  higher  temperatures  it  is  decomposed  with  the  formation 
of  plumbic  sulphide. 

These  sulphur  compounds  are  at  present  under  examination. 


Positive  and  negative  units   of   valence.      By  Prof.    Albert   B. 
Prescott,  Ann  Arbor,  Mich. 

[abstract.] 
A  discussion  of  some  features  of  a  working  theory  consistent  with  the 
use  of  positive  and  negative  "bonds"  in  the  notation  devised  by  O.  C. 
Johnson'  for  equations  of  oxidation.  Looking  at  chemism  as  a  union  or 
capacity  for  union  of  opposites — a  union  by  the  positive  action  of  one 
atom  with  the  negative  action  of  another  atom — we  may  consider  valence 
to  be  a  numerical  measure  of  the  exercise  of  chemism.      This  measure, 

>1880:  Chem.  News,  ^,  61. 
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then,  will  be,  first,  as  to  the  extent  of  chemisra,  expressed  by  the  number 
of  units  of  valence;  and,  second,  as  to  the  polarity  of  chemism,  denoted 
by  these  units  being  positive  or  negative,  in  a  relative  sense'.  All  the 
valence  units  of  an  atom,  as  related  to  other  atoms  in  a  molecule,  may  in- 
clude both  positive  and  negative  units.  It  is  only  the  algebraic  sum  of 
the  positive  and  negative  units  of  valence  of  any  element  (oriatom  in 
combination)  that  is  taken  into  account  In  Professor  Johnson's  notation. 
This  sum  of  the  positive  and  negative  units  should  not  be  mistaken  for 
the  entire  number  of  different  units  of  valence,  the  latter  number  being  all 
required  for  constitutional  formulae. 


Analysis  op  two  manganksb  mineral  waters.    By  Fred.  G.  Novy, 
Ann  Arbor,  Mich. 

[ABSTRACT.] 

The  paper  presented  the  results  of  the  analysis  of  two  mineral  well- 
waters  from  Kennedale,  Texas.  These  waters  are  interesting  because 
of  the  large  amount  of  manganese  sulphate  which  they  contain.  One 
contains  15.31  grains  per  gallon  of  that  salt.  This  represents  the  largest 
amount  of  manganese  reported  upon  as  being  present  in  any  mineral  water 
of  the  United  States.  A  short  comparison  is  made  of  the  quantities  of 
manganese  salts  contained  in  other  springs  of  this  country. 


Some  higher  homolooues  of  cocaine.     By  F.  G.  Novy,  Ann  Arbor, 
Mich. 

[abstract.] 

The  paper  embodies  the  study  of  some  of  the  derivatives  of  cocaine  or 
methyl  benzoylecgonlne.  The  compounds  described  are  four  in  number 
and  are  as  follows:  ethyl  benzoylecgonlne,  monobrom  ethyl  benzoylec- 
gonine,  propyl  benzoylecgonlne  and  Isobutyl  benzoylecgonlne. 

The  lirst-named  compound  is  the  ethyl  esther  of  benzoylecgonlne.  It 
recrystaliizes  from  alcohol  in  large,  clear  monociinic  prisms  which  melt 
at  107°-108**.  It  forms  easily  crystallizable  salts.  The  hydrochloride 
crystallizes  in  beautiful,  colorless  needles  or  prisms  and  is  readily  soluble 
in  water  and  alcohol ;  Insoluble  In  ether.  Its  behavior  to  reagents  is  given 
in  detail. 

The  second  compound  named  above  Is  obtained  by  heating  benzoylec- 
gonlne with  ethylene  bromide  and  alcohol  In  a  sealed  tube.  The  free  al- 
kaloid is  colorless  syrup.     The  liydrochlorlde  is  likewise  amorphous. 

Hi.  J.  Rbbd,  On  positive  nnd  negative  valence  in  classification  under  the  periodic 
law,  1886 :  8t.  LouU  Acad.  Sci. 
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The  third  compound  described,  or  propyl  benzoylecgonine,  crystallizes 
in  fine  colorless  prisms  or  silky  needles.  It  melts  at  78°-79.5®  and  solid- 
ifies again  at  65°.  The  hydrochloride  is  ordinarily  in  a  syrupy  condition, 
but  when  kept  for  some  time  over  sulphuric  acid,  it  yields  a  mass  of  fine, 
white  crystals. 

The  isobutyl  derivative,  prepared  like  the  preceding  compounds  by 
heating  benzoylecgonine  with  isobutyl  iodide  and  the  corresponding  alco- 
hol in  a  sealed  tube  at  95",  crystallizes  from  alcohol  in  short,  colorless 
prisms  which  melt  at  61-62°.  The  hydrochloride  solidifies  over  sulphuric 
acid  to  a  hard  yellowish  glassy  mass. 

All  these  compounds  possess  a  bitter  taste  and  anaesthetic  properties. 


On  the  occuerence  m  nature  of  a  copper  antimonide.    By  Prof.  T. 
H.  Norton,  University  of  Cincinnati,  Ohio. 

[AB8TEACT.1] 

The  author  describes  a  large  deposit  of  copper  antimonide  recently 
discovered  in  Asia  Minor  near  Mytilene.  The  mineral  is  of  a  silvery 
color,  very  lustrous,  and  has  a  specific  gravity  of  8.8.  The  formula  is 
Cuu  Sb  .  This  is  the  second  antimonide  found  in  nature,  silver  an- 
timonide being  the  only  other  thus  far  known.  Its  purity  and  accessibil- 
ity render  it  probable  that  the  mineral  will  be  susceptible  of  advantageous 
metallurgical  treatment. 


A  NEW  APPARATUS  FOR  FRACTIONAL  DISTILLATION.      By  Prof.  T.  H.  NOR- 
TON, University  of  Cincinnati,  Ohio. 

fABSTRACT.!] 

The  new  apparatus  is  based  on  the  principle  of  a  rapid  separation  of 
vapor  from  condensed  liquid  in  the  upward  current  of  a  still,  in  opposi- 
tion to  the  ordinary  principle  of  a  thorough  washing  of  a  current  of  va- 
por in  the  products  of  partial  condensation,  as  exemplified  in  the  ordinary 
types  of  laboratory  distilling  appai'atus.  Experimental  data  are  given, 
showing  that  the  fractionation  accomplished  by  the  use  of  the  new  type  is 
ftally  as  eflFective  as  that  obtained  by  the  use  of  the  older  forms. 

1  Published  in  Amer.  Chem.  Joum. 
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Certain  alloys  op  calcium  and  zinc.    By  Prof.  T.  H.  Norton,  Uni- 
versity of  Cincinnati,  Ohio. 

[abstract.!] 

Thk  method  of  Caron  for  preparing  a  zinc-calcium  alloy  by  heating  to- 
gether mixtures  of  zinc,  sodium  and  calcium  chloride  was  examined  with 
the  view  of  ascertaining  the  limits  of  the  amount  of  calcium  which  could 
be  obtained  by  this  means  in  the  metallic  form.  It  was  found  that  the 
method  is  not  capable  of  yielding  alloys  containing  more  than  7  per  cent 
of  calcium.  Alloys  containing  6-6  per  cent  are  very  brittle,  do  not  lose 
their  lustre  in  the  air  and  melt  at  640°. 


On  thb  salts  of  bbxzknr-sulphonic  acid  with  thk  amines.    By  Prof. 
T.  H.  Norton,  University  of  Cincinnati,  Ohio. 

[ABSTRACT.'l 

In  view  of  the  fact  that  no  derivatives  of  the  amines  and  the  aromatic 
sulphonic  acids  are  thus  far  known,  the  author  has  prepared  the  salts 
formed  by  benzene-sulphonic  acid  with  twelve  of  the  more  important 
amines.  These  salts  are  all  anhydrous  and  crystallize  readily.  Those 
formed  with  the  fatty  amines  are  very  deliquescent.  The  author  has  ex- 
amined the  applicability  of  Pearson's  method  for  the  determination  of  sul- 
phur, to  the  analysis  of  sulphonates,  and  finds  that  in  point  of  accuracy, 
simplicity  and  economy,  it  is  far  superior  to  the  methods  now  in  vogue. 


Some  new  metallic  salts  of  benzene  sulphonic  acid.    By  Prof.  T. 
H.  Norton,  University  of  Cincinnati,  Ohio. 

[AB8TKACT.>] 

The  new  compounds  described  Include  the  mercurous,  cadmium,  man- 
ganese, nickel  and  cobalt  salts  of  benzene-sulphonic  acid.  All  crystallize 
finely  except  the  mercurous  salt. 


On  the  amine  salts  of  paka-tolukne-sulphonic  acid.    By  Prof.  T. 
H.  Norton,  University  of  Cincinnati,  Ohio. 

[AB8TRACT.M 

The  author  describes  a  series  of  ten  amine  salts  of  para-toluene-sulph- 
onlc  acid.  They  all  crystallize  without  water  of  crystalllzailon.  Those 
containing  animes  of  the  fatty  series  are  exceedingly  deliquescent. 

^Published  In  Amer.  Ghem.  Joaro. 
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On  the  action  of  silicon  fluoride  on   acetone.     By  Prof.  T.  H. 
Norton,  University  of  Cincinnati,  Ohio. 

lABSTRACT.l] 

Acetone  absorbs  silicon  fluoride  to  tlie  extent  of  45  per  cent  of  its  own 
weight.  On  fractionating  the  product,  two  liquids  are  obtained,  both 
boiling  between  90°  and  100°,  but  non-miscible.  One  is  lighter  than  water, 
easily  decomposed  and  seems  to  be  a  compound  of  acetone  with  an  ex- 
ceedingly small  amount  of  silicon.  The  other  has  a  specific  gravity  of 
1.36,  contains  but  little  carbon  and  a  large  amount  of  fluorine. 


On  the  limits  of  the  direct  bromination  of  acetone  and  on  the 
action  between  ammonium   sulphocyanide  and    monobromace- 
TONE.    By  Prof.  T.  H.  Norton,  University  of  Cincinnati,  Ohio. 
I  abstract.*] 

When  bromine  is  added  slowly  to  ice  cold  acetone,  the  bi'omine  is  sub- 
stituted for  hydrogen,  until  a  liquid  is  obtained  containing  about  equal 
proportions  of  monobromacetone  and  dibromacetone.  Beyond  this  point 
decomposition  accompanies  the  further  action  of  bromine.  A  supposed 
additive  product,  C3  H5  CIO  Bra,  mentioned  by  Linneman  is  shown  to  con- 
sist merely  of  monobromacetone  and  hydrobromic  acid  Monobromace- 
tone, when  exposed  to  the  action  of  ammonium  sulphocyanide,  does  not 
give  rise  to  sulphocyan-propimine  as  is  the  case  with  its  homologue 
monocbloracetone. 


On  the  action  of  chlorine  on  acenaphthene.    By  Prof.  T.  H.  Nor- 
ton, University  of  Cincinnati,  Ohio. 
[abstract.!] 

Dry  chlorine  attacks  acenaphthene  readily  in  the  cold,  giving  rise  to 
trichlor-acenaphthene,  a  non-crystallizable  liquid  of  unstable  nature. 
Before  complete  saturation  by  chlorine,  this  liquid  possesses  brilliant  blue 
fluorescent  properties,  which  are,  however,  lost  before  the  operation  is 
complete. 

»  Published  in  Amer.  Chem.  Journ. 
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On  the  uranates  of  ammonium  and  the  amines  of  the  fatty  series. 
By  Prof.  T.  H.  Norton,  University  of  Cincinnati,  Ohio. 
L  abstract.!] 
Instances  of  normal  composition  among  the  uranates  of  the  metallic 
bases  are  rare.    The  author  has  prepared  uranates  of  the  organic  bases 
and  finds  them  to  be  likewise  not  only  of  abnormal  but  of  variable  com- 
position.   This  is  lilcewise  the  case  with  ammonium  uranate.     The  uran- 
ates of  the  amines  of  the  fatty  series  are  stable  compounds,  amorphous, 
insoluble,  and  ranging  in  color  from  canary  yellow  through  orange  to 
brown.   The  compounds  with  the  aromatic  amines  are  exceedingly  un- 
stable. 


Some  new  nitro-prussides.    By  Prof.  T.  H.  Norton,  University  of  Cin- 
cinnati, Ohio. 

Labstract.M 
The  new  nitro-pmssides  obtained  by  the  author  are  the  cadmium,  mer- 
curous,  nickel  and  cobalt  salts.     All  are  insoluble  in  water,  and  with  the 
exception  of  the  cadmium  compound,  extremely  susceptible  to  decomposi- 
tion, especially  in  sunlight. 


Composition  of  Lockport  sandstone.    By  H.  W.  Weld,  University  of 
Cincinnati,  Ohio.     (Read  by  Prof,  T.  H.  Norton.) 

[ABSTKACT.M 

The  author  finds  that  the  stratum  of  Medina  sandstone,  whence  the 
famous  Lockport  sandstone  is  quarried,  contains  over  96  per  cent  of  silica. 
Such  a  high  percentage  of  silica  and  so  small  an  amount  of  cementing 
material  are  comparatively  rare. 


On  the  determination  of  nitrogen  by  soda- limb.     By  Prof.  W.  O. 
Atwater,  Middletown,  Conn. 

[abstract.] 
A  series  of  tests  indicated  that  by  long  heating,  especially  If  the  tem- 
perature is  high  and  there  is  much  open  space  in  the  tube  (channel  as  or- 
dinarily recommended),  there  may  be  loss  of  nitrogen  from  dissociation 

*  Pabllshed  In  Amer.  Chem.  Joum. 
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of  ammonia.  Another  series  showed  the  decided  danger  of  loss  from  in- 
complete ammoniflcation,  especially  with  channel  and  long  continued 
heating.  It  is  important  to  secure  intimate  contact  of  substance  and 
decomposition  products  with  soda-lime  and  to  avoid  very  high  tempera- 
ture and  long  heating.    A  channel  may  cause  serious  error. 


On  chemical  changes  accompanying  osmose  in  living  organisms, 
ILLUSTRATED  BY  THE  OYSTER.  By  Prof.  W.  0.  Atwateb,  Middle- 
town,  Conn. 

[ABSTRACT.] 

Analyses  of  oysters,  as  taken  from  beds  in  salt  water  and  after  •'  float- 
ing" in  brackish  water,  showed  that  not  only  mineral  salts  but  organic 
matters  escape  from  the  body  of  the  animal  during  the  sojourn  in  brack- 
ish water,  while  a  much  larger  quantity  of  water  is  taken  in.  The  pro- 
cess seems  to  be  analogous  to  that  by  which  the  digested  food  passes 
through  the  walls  of  the  alimentary  canal. 


On  the  processes  of  soil  formation  from  the  northwestern  ba- 
salts.   By  Prof.  E.  "W.  Hilgard,  Berkeley,  Cal. 

[ABSTRACT.!] 

The  large  area  occupied  by  the  so-called  basalts  of  the  northwest,  and 
their  obvious  connection  with  "alkali  soils,"  render  a  study  of  their  trans- 
formation into  soils  of  considerable  interest.  It  was  entered  upon  at  my 
suggestion,  by  Dr.  E.  A.  Schneider,  the  specimens  having  been  collected 
by  myself,  near  Rockland,  opposite  Dalles  City,  Oregon.  The  fresh  rock, 
the  sedentary  soil  formed  from  it,  and  the  sediments  into  which  it  was  re- 
solved by  mechanical  analysis,  were  analyzed  both  by  fiision,  and  by  di- 
gestion with  H  CL  as  usually  practised  in  soil  analysis.  The  sediments 
represent,  of  course,  rock  more  or  less  decomposed  in  proportion  to  their 
fineness. 

Mineralogical  analysis,  by  Prof.  A.  "W.  Jackson,  shows  the  rock  to  con- 
sist chiefly  of  augite  and  plagioclase,  with  much  magnetite,  undifl"eren- 
tiated  glass  and  minute  disseminated  prisms  of  apatite.  It  is  therefore 
an  auglte-andesite.   The  soil  is  a  reddish-ferruginous  loam,  of  rather  light 

iPablisbed  in  full  In  the  Proc.  of  the  Society  for  the  Promotion  of  Agrio.  Science  for 
1887. 


CHEMISTRY.  187 

texture ;  contains  14.5  per  cent  of  true  clay,  and  sediments  from  1  to  8  mm. 
hydraulic  value  form  44  per  cent  of  Its  mass. 

Comparison  of  the  chemical  composition  (by  fusion)  of  the  fresh  rock 
and  whole  soil  shows  in  the  soil  an  Increase  of  7.3  silica,  partly  due  to 
atmospheric  sand;  alumina  has  increased  only  2.5  (kaoliuization) ;  but 
half  of  the  lime,  seven-tenths  of  the  magnesia,  and  four-tenths  of  the 
iron,  have  been  removed  in  the  weathering  process.  In  contrast  to  this 
leaching-out  of  the  less  soluble  oxides,  the  two  alkalies  K  and  Na  have 
remained  practically  the  same,  gain  and  loss  in  the  other  ingredients  nearly 
balancing  each  other. 

The  analysis  of  the  several  sediments  confirms  in  general  the  above  re- 
sults ;  and  the  same  is  true  of  the  analyses  made  by  digestion  with  hot 
hydrochloric  acid,  of  the  same  substances.  It  appears  that  in  the  coarser 
soil-sediments  the  soda  percentage  is  actually  increased,  but  decreases  as 
the  sediments  become  finer;  while  potash  increases  steadily  toward  the 
finer  portions. 

The  general  conclusions  deducible  from  the  investigation  might  be  thus 
formulated : 

1.  The  augitic  Ingredient  of  the  rock  is  first  attacked  in  weathering; 
the  removal  by  leaching-out  bears  most  lieavily  on  the  magnesia,  next  on 
lime  and  phosphoric  acid,  next  on  iron;  but  a  portion  of  the  latter  (mag- 
netite?) resists  oxidation  quite  stanchly,  and  the  soil  remains  highly  fer- 
ruginous. 

2.  The  weathering  of  the  plagioclase  progresses  slowly,  and  is  unac- 
companied by  any  material  leaching-out  of  the  alkalies,  which  doubtless 
remain  in  zeollthic  combination. 

3.  The  latter  fact  and  the  increase  of  potash  and  diminution  of  soda  in 
the  finer  portions  of  the  soil  (which  especially  serve  the  processes  of  veg- 
etable nutrition)  point  to  the  conclusion  that  the  setting-free  of  the  sodium 
salts,  which  constitute  the  "alkali"  of  the  basaltic  region.  Is  the  result  of 
discriminative  plant  action  on  the  zeolites  (potash  being  assimilated  and 
soda  rejected)  rather  than  of  mere  weathering. 

4.  As  to  the  general  character  of  these  "basalt"  soils,  they  are  marked 
by  an  abundant  supply  of  potash  (up  to  two  per  cent),  lime  and  phospho- 
ric acid,  notwithstanding  that  the  latter  two  have  been  reduced  to  about 
half  in  the  process  of  soil-formation.  But  the  fact  that  a  very  large  pro- 
portion of  phosphoric  acid  appears  in  the  coarser  portions  of  the  sedi- 
ments, becoming  less  and  less  in  the  finer  ones,  with  only  one-sixth  of  the 
total  in  the  readily  soluble  condition  in  which  it  is  extracted  by  Grandeau's 
process  of  humus-extraction,  indicates  that  it  exists  in  the  soil  largely  in 
the  form  of  the  original  apatite  crystals. 

6.  Finally,  the  large  amount  of  leaching-out  accomplished  in  the  pro- 
cess of  soil-formation,  especially  as  regards  the  iron  oxides,  seems  to  be 
incompatible  with  the  present  conditions  of  the  arid  climate,  with  its  rain- 
less sammers  and  cold  winters,  so  unfavorable  to  the  processes  of  reduc- 
tion and  carbonate  solution.  These  facts  point  to  a  change  in  climatic 
conditions  since  the  time  when  the  bulk  of  the  soil  was  formed. 
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Indirect  determination  of  calcium.   By  Prof.  William  Hale  Heerick, 
State  College,  Pa. 

[ABSTRACT.] 

Precipitation  by  excess  of  solution  of  ammonium  oxalate  of  known 
strength,  in  a  flask  with  graduated  neck.  Solution  allowed  to  stand  and 
settle,  in  a  warm  place,  as  usual,  till  perfectly  clear.  Volume  read  off,  after 
cooling ;  clear  solution  siphoned  off,  and  remaining  oxalic  acid  determined 
in  an  aliquot  part  by  titration  with  KMu  O4. 


On  the  delicacy  of  the  sense  of  taste.    By  Dr.  E.  H.  S.  Bailey  and 
Dr.  E.  L.  Nichols,  Lawrence,  Kansas. 

[ABSTRACT.] 

This  is  a  continuation  of  one  branch  of  the  subject  presented  by  us  at 
the  Philadelphia  (1884)  meeting  of  the  A.  A.  A.  S.  Solutions  of  known 
strength  of  the  following  typical  substances  were  made  :  1.  A  bitter  sub- 
stance—  quinine;  2.  A  sweet  substance  —  cane  sugar;  3.  An  acid  sub- 
stance—  sulphuric  acid;  4.  An  alkaline  substance  —  bicarbonate  of  soda; 
6.  A  saline  substance  —  common  salt. 

Each  of  these  solutions  was  diluted  to  form  a  series,  each  member  of 
which  was  of  one-half  the  strength  of  the  preceding  one.  The  bottles 
containing  the  solutions  being  placed  without  regard  to  order,  the  test 
was  to  separate  into  the  five  groups  mentioned  above. 

The  tests  were  made  by  128  persons,  82  being  males  and  46  females. 
The  average  results  are  as  follows : 

I.— Bitter. 

Males     detected  one  part  in  392,000. 
Females        "  "      "     "  456,000. 

II.  Sweet. 

Males     detected  one  part  in  199. 
Females        '*         "      "     "   204. 

III.  Acid. 

Males     detected  one  part  in  2080. 
Females        "  "      "     "  3280. 

IV.  Alkali. 

Males     detected  one  part  in    98. 
Females        "         "      "     "   126. 

V.  Salt. 

Males     detected  one  part  in  2240. 

Females  "  "  "  "  1980. 
From  these  experiments  it  will  be  noticed  that  the  sense  of  taste  is 
much  more  delicate  for  bitter  substances  than  for  others,  and  least  delicate 
for  alkalies.  The  sense  of  taste  also  seems  to  be  more  delicate  in  females 
than  in  males.  This  rule  also  held  when  the  same  number  was  taken  of 
each  sex. 
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Standardizing  HrDROMEXERS.    By  Prof.  W.  P.  Mason,  Troy,  N.  T. 

[ABSTRACT.] 

Showing  that  Clark's  method  is  the  only  one  that  should  be  used,  and 
also  that  more  Is  expected  of  the  hydrometer,  in  point  of  delicacy  than 
tlie  nature  of  the  iustrument  will  permit.  [Published  in  full  in  Jour.  Am. 
Chera.  Soc] 


NOTK    ON    ABSORPTION    OF    NITROGENOUS   NUTRIMKNT   BY   THK   ROOTS    OF 

PLANTS.     By  Prof.  Wm.  McMurtrik,  University  of  Illinois,  Cham- 
paign, 111. 

[abstract.] 
In  the  present  state  of  the  science  of  agricultural  chemistry,  it  is  be- 
lieved that  the  form  of  nitrogen  most  favorable  to  vegetation  is  that  of 
the  nitrates.  And  it  is  further  a  tolerably  well  settled  belief  on  the  part 
of  many  careful  observers  that  tliis  is  the  only  form  in  which  nitrogen  may 
enter  the  plant  through  the  medium  of  the  roots.  Yet  there  is  no  positive 
proof  of  this.  Experiments  have  been  made,  affording  results  showing 
the  apparent  absorption  and  assimilation  of  ammonia  and  the  amines. 
But  in  the  experiments  in  question  no  precautions  were  talien  to  exclude 
microbes  of  nitriflcatiou  from  the  soils  used  in  the  experiments.  It  la 
probable  that  through  the  agency  of  these  microbes,  the  ammonias  were 
first  changed  to  nitrates,  and  that  the  nitrogen  entered  the  plant  in  this 
form.     Experiments  devised  to  settle  this  point  were  described. 


Note  on  the  chemistry  of  germination.    By  Prof.  Wm.  McMurtrie, 
University  of  Illinois,  Champaign,  111. 
[abstract.] 

It  is  generally  understood  that  in  the  process  of  germination  the  seed 
first  absorbs  moisture,  and  then  under  the  influence  of  heat  and  the  oxy- 
gen of  the  air,  the  starch  and  fats  are  acted  upon  by  diastase  always  pres- 
ent, and  the  albuminoids  by  peptone-forming  substances,  and  tliatby  these 
latter  means  all  the  material  witliin  the  seed  are  brought  into  soluble  con- 
dition in  which  they  may  be  transferred  to  the  young  plant  to  be  used  and 
assimilated  as  they  may  be  needed,  and  until  the  young  plant  is  strong 
enough  and  sufficiently  developed  to  take  nutriment  from  the  soil. 

The  experiments  to  be  described  show  that  this  action  within  the  seed 
is  limited.    Under  its  influence  germination  is  begun,  and  the  young  plant 
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arrives  at  a  certain  stage  of  development ;  but,  if  the  process  be  carried  on 
In  tlie  absence  of  microbes  in  perfectly  sterilized  media  and  apparatus, 
the  development  is  arrested,  the  seed  maintains  its  form  and  is  preserved, 
and  it  will  so  remain  until  microbes,  by  which  it  may  be  broken  down  by 
fermentation  or  putrefaction,  are  supplied.  It  is  believed  to  follow  from 
the  results  of  these  experiments  that  the  action  of  diastase,  etc.,  is 
limited,  and  that  to  complete  the  process  of  germination,  presence  of 
microbes  is  necessary. 
t 


The  significance  of  "bonds"  in  structural  formulas.    By  Dr.  Spen- 
CKR  B.  Newberry,  Cornell  University,  Ithaca,  N.  Y. 

[ABSTRACT.] 

The  author  reviews  briefly  the  criticisms  of  Lossen  (Ann.  der  Chera. 
und  Pharm.  Vol.  204)  on  the  prevailing  use  of  the  terms  "Unit  of  Affinity," 
"Bond,"  and  "Valence,"  and  showed  that  the  confusion  and  indeflniteness 
of  which  Lossen  complains  may  be  avoided  by  the  adoption  of  the  follow- 
ing definitions. 

"Unit  of  Affinity,"  the  power  of  one  atom  to  combine  with  one  other 
atom. 

"Bond,"  the  graphic  representation  of  a  unit  of  affinity. 

"Valency,"  the  maximum  number  of  atoms,  of  any  kind  whatever,  with 
which  a  given  atom  can  combine. 

The  author  urges  the  x'etention,  for  the  sake  of  simplicity  in  our  graphic 
notation,  of  the  hypothesis  of  the  invariable  quadrivalence  of  carbon,  and 
of  the  so-called  "multiple  linking"  of  carbon  atoms,  and  cites  examples 
to  prove  that  if  the  latter  method  of  writing  be  abandoned  a  number  of 
additional  isomers  are  theoretically  possible,  the  existence  of  which  is  not 
indicated  by  experiment. 


Experiments  going  to  show  that  such  fungi  as  Penicillium  glaucum 
CAN  subsist  on  carbon  bioxide.  By  II.  G.  EccLES,  M.  D.,  Brook- 
lyn, N.  Y. 

[ABSTRACT.] 

The  fungi  were  cultivated  in  dilute  phosphoric  acid  and  solutions  of  al- 
kaloids. No  reduction  in  quantity  of  the  acid  or  alkaloid  occurred,  the 
weights  of  the  fungi  increased  steadily  and  thereby  increased  the  total 
weights  of  the  containing  vessels. 
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The  scikxtific  basis  of  thb  fkediko  of  infants.    By  Dr.  Albert  R. 
Leeds,  Hoboken,  N.  J. 

[ABSTRACT.] 

I  DESIRE  to  engage  the  attention  of  the  Association  upon  this  subject, 
both  on  account  of  its  intrinsic  vital  importance,  and  because  I  believe 
that  the  existence  of  a  scientific  basis  for  the  nutrition  of  infants  has  been 
satisfactorily  established.  This  paramount  importance  is  shown  by  the 
fate  of  infants  under  present  conditions  of  nutrition : — out  of  every  one 
hundred  infants  fed  on  mothers' milk,  statistics  show  that  about  eight  die 
at  the  end  of  the  first  year.  Out  of  one  hundred  wet-nursed,  eijihteen 
die ;  and  out  of  one  hundred  fed  on  "infant-foods,"  fifty-one,  or  more  than 
one-half,  die  by  the  end  of  the  first  year. 

The  basis  which  I  lay  before  you,  was  proposed  as  the  result  of  an  in- 
vestigation made  upon  all  infant  foods  at  that  time  in  use,  the  conclusions 
arrived  at  being  published  in  the  Transactions  of  the  College  of  Physicians 
of  Philadelphia  for  the  month  of  May,  1883.  I  found  that  all  of  these 
foods,  whatever  might  be  their  name  or  pretensions,  belonged  to  one  or 
the  other  of  two  great  classes ;  they  are  either  flour,  plain,  baked  or 
cooked;  or  they  are  sugar  admixed  with  cereals  in  some  form,  the  so- 
called  Liebig's  foods.  The  great  mortality  among  infants  using  these 
foods  I  have  already  spoken  of,  and  the  reason  is  obvious — they  are  phys- 
iologically as  unsuited  to  the  nutrition  of  a  human  infant,  as  grass  and 
hay  are  to  the  nutrition  of  a  calf  deprived  of  cows'  milk.  Grass  and  hay 
consist  of  certain  vegetable  fibres,  starches,  sugars,  fats  and  albuminoids. 
These  are  not  digestible  in  the  elementary  digestive  apparatus  of  the  calf, 
and  its  mother  does  for  it  the  work  of  digestion.  Thereby,  these  vege- 
tables are  transformed  and  elaborated  by  the  more  perfect  machinery  of 
the  adult  animal,  into  a  secretion  which  contains  food  previously  digested 
and  capable  of  afibrdlug  instant  nutrition  to  the  calf.  The  same  relation 
exists  between  the  food  of  the  human  mother  and  the  mother's  milk.  The 
latter,  like  cows'  milk,  contains  no  vegetable  sugars,  but  instead,  animal 
sugar,  which  is  a  body  essentially  diflereut  in  its  nutritive  functions  from 
cane  sugar  and  grape  sugar.  It  contains,  moreover,  not  vegetable  but 
animal  caseine,  which  is  likewise  diflerent. 

The  animal  or  milk  sugar  of  cows*  milk  is  Identical  with  the  animal  sugar 
of  mothers'  milk  and  the  fat  is  practically  the  same.  But  such  is  not  the 
case  with  the  caseine,  the  hard  curd  which  cows'  milk  forms  being  indi- 
gestible by  a  human  infant.  Moreover,  the  amount  of  caseine  in  cows' 
milk  is  nearly  twice  that  in  mothers'  milk.  To  overcome  these  difficulties 
is  the  raison  d'etre  of  all  the  varieties  of  "infant  foods."  They  are  In- 
tended to  prevent  the  formation  of  these  hard  clots  by  keeping  asunder 
the  particles  of  caseine  by  means  of  starch,  dextrine,  sugar,  etc. 

It  became  evident,  in  the  course  of  experimenting  with  these  "Infant 
foods,"  and  from  a  consideration  of  the  terrible  mortality  attendant  upon 
their  use,  that  a  new  departure  was  urgently  called  for.  Accordingly,  four 
years  ago,  I  proposed  that  we  should  abandon  artificial  foods  altogether. 
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I  prepared  for  infants  deprived  of  motliers'  milk,  milk  to  which  I  gave  the 
name  of  "humanized,"  since  I  found  that  it  was,  as  far  as  could  be  ascer- 
tained, the  same  in  composition  and  properties  as  mothers'  milk.  As  a 
foundation  for  this  work,  I  made  analyses  of  eighty  samples  of  mothers 
milk.  They  varied  greatly  in  composition  with  the  age,  temperament, 
physical  health,  etc.,  of  the  mother.  But  when  their  average  composition 
came  to  be  compared  with  that  of  cows'  milk,  certain  facts  stood  out  very 
prominently.  They  were,  first:  that  the  amounts  of  sugar  and  fat  in 
mothers,'  were  much  greater  than  in  cows'  milk;  second  :  that  the  caseine 
was  much  less;  third:  that  the  nature  and  proportions  of  the  ash  were 
not  the  same.  But  the  most  important  difference  was  in  the  different  di- 
gestibility of  the  caseine  of  the  cows'  milk.  At  the  time  that  I  was  en- 
gaged upon  this  research,  the  treatment  of  cows'  milk  with  artificially 
prepared  pancreatic  extract,  in  order  to  convert  the  caseine  into  a  soluble 
peptone,  was  being  largely  resorted  to.  I  was  aware  of  this  fact  and  of 
the  experiments  of  Dr.  Roberts  of  England  upon  this  subject.  But  at  that 
time,  no  one,  so  far  as  I  am  aware  of,  had  studied  the  relative  character 
of  such  peptonized  caseine  and  the  caseine  of  mothers'  milk.  On  making 
such  an  investigation,  I  found  that  in  properties  and  tests  the  two  bodies 
behaved  in  precisely  the  same  manner.  Finding  that  the  distinguished 
pharmaceutical  chemist,  Mr.  B.  T.  Fairchild,  to  whose  knowledge  and  skill 
the  employment  of  pancreatic  extract  in  this  country  and  in  England  is 
principally  due,  could  prepare  a  tryptic  ferment  which  could  be  relied  up- 
on with  certainty  to  eflect  the  desired  change  in  cows'  milk,  I  made  this 
tryptic  ferment  the  basis  of  the  so-called  peptogenic  powdei*.  By  diluting 
cows'  milk  with  the  requisite  quantity  of  water,  its  percentage  of  caseine 
is  lowered  to  the  same  amount  as  in  mothers'  milk.  By  the  addition  of 
cream,  the  percentage  of  fat  is  adjusted,  and  the  heating  of  the  milk  for 
five  minutes  with  the  peptogenic  mixture  does  the  remainder. 

The  "humanized  milk"  thus  prepared  has  already  been  the  sole  nutrition 
of  many  thousand  infants,  especially  children  of  weak  and  disordered  di- 
gestion, and  I  believe  it  to  be  a  successful  solution  of  the  problem  of  in- 
fant nutrition. 


A  PROCESS  FOR  THE  SEPARATION  OF  ALKALOIDAL  POISONS  FOR  STUDENTS' 

USE.    By  Prof.  Arthur  L.  Green,  La  Fayette,  Ind. 


NEW  COMPOUND,   RICH   IN  CARBON,   OCCURRING  IN  SOME  PLANTS.        By 

Helen  C.  De  S.  Abbott,  Philadelphia,  Pa. 


The  CHEMICAL  COMPOSITION  OF  THE  JUICES  OF  SORGHUM  CANE,  IN  RELA- 
TION   TO   THE   PRODUCTION   OF   SUGAR.      By   Prof.  H.  W.  WlLEY,  U.  S. 

Department  of  Agriculture,  Washington,  D.  C. 
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On  the  snccKSSFUL  protection  of  thr  Egyptian  obelisk  in  Central 

PARK,  BY  saturating  ITS  SURFACE  WITH  MELTED  PARAFFIN K  WAX.    By 

Prof.  R.  Ogden  Doremus,  Bellevue  Hospital  and  College,  New  York, 
N.  Y. 


MbTHOD  of  protecting  the  "  sounding  boards"  AND  THE  "ACTIONS"  OF 
PIANOS,  ALSO  VIOLINS  AND  OTHER  STRINGED  INSTRUMENTS  FROM  IN- 
JURY BY  EXCESSIVE  HUMIDITY.  By  Prof.  R.  Ogden  Doremus,  Bellc- 
vue  Hospital  and  Medical  College,  New  York,  N.  Y. 


Crystallography  of  fats  of  man  and  of  the  lower  animals.  With 
EXHIBITION  OF  PHOTOGRAPHS.  By  Di*.  THOMAS  Taylor,  U.  S.  De- 
partment of  Agriculture,  Washington,  D.  C. 


REPORT  OF  COMMITTEE. 

The  Committee  of  Skction  C  of  the  A.  A.  A.  S.,  appointed  at  the 
Buffalo  meeting  to  consider  and  report  a  scheme  for  a  Uniform  Method 
of  Stating  the  Results  of  the  Analysis  of  Mineral  and  Potable  Waters, 
submit  the  following  report; 

The  great  importance  of  a  uniform  method  of  stating  the  results  of 
analyses  of  mineral  and  potable  waters,  in  the  place  of  the  variety  of 
methods  now  in  vogue,  was  fully  set  forth  and  illustrated  in  the  paper  on 
this  subject  read  before  the  chemical  section  of  the  Buffalo  meeting  and 
which  suggested  the  appointment  of  tliis  committee. 

In  order  that  any  method  of  stating  these  results  shall  secure  for  itself 
general  approval  and  adoption,  your  committee  are  of  the  opinion  that  it 
should  deviate  as  little  as  possible  from  the  most  general  present  practice 
and  should  not  do  serious  violence  to  that  practice  in  any  respect.  As,  for 
Instance,  while  recommending  the  statement  of  the  proportion  of  each 
basic  element  determined,  and  of  most  of  the  acidic  or  electronegative 
elements,  there  would  appear  to  every  one,  doubtless,  a  certain  degree  of 
absurdity  in  giving  the  proportion  of  C  instead  of  CO2 ;  and  certain  other 
exceptions  to  this  general  rule  seem  to  be  advisable. 

Your  committee  are  also  of  the  opinion  that  one  scale  for  both  mineral 
and  potable  waters  is  unadvisable.  The  scale  that  would  be  desirable  in 
order  to  avoid  the  use  of  too  large  numbers  In  stating  the  composition  of 
a  mineral  water  would  necessitate  the  use  of  inconveniently  small  deci- 
mals in  the  statement  of  the  composition  of  a  potable  water  examined 
for  sanitary  purposes. 

Your  committee  therefore  recommend  the  adoption  of  two  schemes,  as 
follows,  the  first  of  which  embodies  many  of  the  features  of  the  scheme 
presented  to  the  Washington  Chemical  Society  by  its  Committee. 
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I.  Scheme  for  a  mineral  water. 

(a)  That  the  composition  be  expressed  in  parts  per  thousand  in 
weight. 

C6)  That  the  parts  per  thousand  of  each  basic  element,  K,  Na,  Li,  Ca, 
Mg,  Fe"  (Fe2),  etc.,  be  given,  and  of  each  acidic  element,  such  as  CI,  I,  S, 
etc.,  that  is  combined  directly  with  a  basic  element,  or  that  may  reason- 
ably be  supposed  to  be  so  combined,  the  rest  of  the  acidic  elements  to  be 
given  in  connection  with  all  the  oxygen  of  their  salts,  as  usually  written 
in  our  present  empirical  formulas,  as  SO4,  CO3,  PO4,  etc. 

(c)  That  these  constituents  be  arranged  in  electro-chemical  order,  the 
positive  ones  being  given  first. 

(d)  That  the  volume  of  0,  CO2  and  HgS  expelled  on  boiling  be  given 
in  cubic  centimetres  per  litre  of  water. 

(e)  That  the  combination  deemed  most  appropriate  by  the  chemist 
making  the  analysis  be  stated  both  by  names  and  by  symbols. 

II.  Scheme  for  potable  waters  examined  for  sanitary  purposes. 

The  composition  shall  be  expressed  in  parts  per  million  (milligrammes 
per  litre)  as  follows  : 
Total  solids 
Chlorine 
Nitrogen :  expelled  on  boiling  with  Na2  CO3 

equals  "  free  ammonia"        .... 
expelled  on  boiling  with  alkaline  permanganate 
equals  "  albuminoid  ammonia  " 

as  nitrite 

as  nitrate 

Organic  matter  (in  terms  of  mgms.  of  oxygen 
consumed  by  one  million  of  water)  . 

Hardness 

The  manner  of  expressing  the  results  on  organic  matter  must  depend 
somewhat  upon  the  method  of  its  estimation.  Your  committee  had  this 
matter  under  discussion,  but,  concluding  that  it  was  beyond  their  prov- 
ince to  offer  any  recommendation  as  to  methods,  they  recommend  pro- 
visionally the  above  statement  as  to  the  organic  substance,  and  content 
themselves  with  suggesting  that  the  whole  matter  of  methods  and  de- 
tails of  the  examination  of  water  for  sanitary  purposes  be  referred  to  a 

new  committee  to  report  next  year. 

G.  C.  Caldwell,"! 

J.  W.  Langley, 

R.  B.  Warder,     )■  Committee. 

W.  P.  Mason, 

J.  A  Myers, 
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An  occasion  like  this,  when  an  engineer,  engaged  in  the  active 
duties  of  his  profession,  but  who  is  really  more  of  a  business  man 
than  a  scientist,  is  called  upon  to  preside  over  the  deliberations  of 
a  body  so  distinguished,  and  so  eminently  scientific  as  the  one 
that  I  now  have  the  honor  of  addressing,  must,  of  course,  impress 
itself  very  strongly  upon  him,  and  give  much  food  for  reflection. 
His  mind  naturally  turns  back  to  review  his  professional  life,  from 
the  time  when  he  began  as  a  student  his  technical  education  ;  many 
ideas,  opinions  and  reflections,  which  have  been  more  or  less  for- 
gotten or  pushed  aside  in  the  rush  of  business,  come  back,  and 
again  force  themselves  upon  his  attention :  such,  at  least,  has 
been  the  case  with  me. 

As  my  life  has  been  devoted  exclusively  to  the  mining  of  coal, 
and,  as  I  have  been  engaged  in  no  special  scientific  investigations 
like  so  many  of  those  around  me,  I  cannot  oflTer  for  your  consider- 
ation original  observations  or  suggestions  upon  any  important  sci- 
entific subject  to  which  I  have  specially  devoted  myself,  but  it 
seems  to  me  that  I  might  not  unprofitably  occupy  your  time  at  the 
opening  of  this  session  by  asking  your  attention  for  a  few  min- 
utes to  some  thoughts,  which,  during  the  last  quarter  of  a  cen- 
tury, have,  from  time  to  time,  in  a  more  or  less  desultory  way, 
impressed  themselves  upon  me,  with,  reference  to  the  subject  of 
engineering. 

Engineering  is  the  youngest  of  the  professions,  and,  with  the 
exception  of  the  military  branch  of  it,  may  be  said  to  have  been 
practically  unknown  a  century  ago ;  there  was,  of  course,  much 
work  now  considered  within  its  domain,  which  was  done  by  archi- 
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tects  and  others,  but,  as  a  well-defined  recognized  calling,  it  may 
be  considered  one  of  the  creations  of  the  nineteenth  century ; 
and  yet,  it  has  made  such  great  advances,  has  broadened  so 
much,  and  is  now  being  divided,  and  subdivided,  in  so  many  ways, 
that  it  is  doubtful  whether  it  can  properly  be  considered  any 
longer  a  single  profession.  I  do  not  wish  to  discuss  here  the  di- 
vision into  the  mining,  civil,  mechanical,  electrical,  hydraulic  and 
other  branches ;  that  has  been  done  by  other  hands,  much  abler 
than  mine.  How  deep,  how  important  and  how  real  these  divisions 
are,  is  well  sliown  by  the  large  and  flourishing  societies  which 
have  sprung  up  and  are  devoting  themselves,  with  so  much  vigor 
and  eflfect  to  almost  every  one  of  them.  But,  within  the  last 
twenty-five  years,  another  equally  important  change  has  been  tak- 
ing place  which,  it  seems  to  me,  is  destined  to  produce,  at  least 
as  great  an  effect  as  the  subdivision,  referred  to  above,  upon  the 
future  of  our  vocation.  Engineering  is  now  no  longer  a  profes- 
sion only.  It  may  be,  also,  a  science  or  a  business  ;  that  is  to  say, 
the  student,  when  he  enters  college  and  takes  the  engineering 
course,  may,  with  perfect  propriety,  look  forward  to  being  a  man 
of  science,  a  professional  man,  or  a  man  of  business,  and  it  is  not 
only  very  possible,  but  very  pi'obable,  that  he  might  make  a  suc- 
cess in  one  and  a  comparative  failure  in  either  of  the  other  ca- 
reers.    Such,  at  least,  has  been  my  experience. 

Let  us  pause  for  a  moment  and  consider  the  exact  meaning  of 
the  words  engineer  and  engineering :  they,  as  well  as  the  word 
"  ingenious"  are  derived  from  the  Latin  "  ingenium,"  which  in 
turn  comes  from  the  verb  "  gigno,"  to  bring  forth  or  produce ; 
they  involve,  therefore,  the  idea  of  originating,  of  advancement, 
of  development,  of  passing  from  the  known  to  the  unknown,  from 
the  certain  to  the  uncertain,  from  that  which  has  been  accom- 
plished to  that  which  is  desired.  In  other  words,  so  far  as  their 
derivation  is  concerned,  they  involve  the  idea  of  evolution  and 
progress  ;  and  we  have  but  to  look  around  us  in  any  civilized 
country  of  the  world  to  see  how  well  this  fundamental  principle 
has  directed  the  minds  and  hands  of  those  engaged  in  the  practice 
of  the  profession.  This  may  be  well  called  the  age  of  engineer- 
ing, as  it  is  called  the  age  of  progress. 

But  we  must  remember  that  the  engineer  is  not  a  creator ;  he 
never  makes  something  out  of  nothing  ;  he  develops,  enlarges,  ex- 
pands, evolves,  sometimes,  it  is  true,  in  special  cases,  to  such  a 


ADDRESS    BY    E.    B.    COXE.  149 

great  extent,  or  with  such  rapidity,  that  the  result  to  which  he 
attains  may  seem  ahnost  a  creation  to  all  but  the  closest  observ- 
ers, but  this  is  a  rare  exception,  not  the  rule;  ordinarily,  the 
progress  is  very  slow,  and  sometimes  almost  disheartening.  Very 
early  in  the  history  of  engineering,  in  fact,  almost  before  it  could 
be  considered  a  profession,  it  became  evident  that  facts  and  sci- 
entific data,  which  could  only  be  obtained  by  long,  careful  and 
laborious  experiments,  were  absolutely  essential  to  those  practi- 
call}'  engaged  in  the  prosecution  of  engineering,  that,  however 
correct  the  i*easoning,  however  brilliant  the  intellect,  however 
careful  the  calculation,  all  would  be  useless,  unless  the  properties 
of  the  material  used,  and  the  law  of  nature  that  would  be  likely  to 
be  called  into  play,  have  been  carefully  determined  by  the  most 
thorough  scientific  investigation  and  experiment.  There  is  no 
better  way  of  impressing  upon  our  minds  how  important,  nay, 
how  absolutely  essential,  such  data  and  such  investigations  are, 
and  of  realizing  how  great  has  been  the  amount  of  scientific  work 
that  has  been  placed  at  our  disposal,  than  to  take  up  any  engi- 
neer's pocketbook,  not  the  best  or  the  fullest,  but  one  of  the  ordi- 
nary ones,  and  examine  for  one's  self  how  much  of  what  we  use 
every  day,  and  of  what  we  now  consider  almost  axioms,  is  the  re- 
sult of  scientific  stud}"^  and  experiment,  and  was  unknown,  or,  at 
least,  so  little  known  and  so  uncertain,  as  to  be  practicall}'  of  no 
value  less  than  a  century  ago. 

As  the  number  of  these  original  investigators  increased  widely, 
and  as  the  data  accumulated  by  them  became  more  and  more  vol- 
uminous and  valuable  ;  and  as  the  results  of  their  labors  were  pub- 
lished in  no  one  country  and  in  no  one  language,  but  were  to  be 
found  in  the  scientific  journals  and  text-books  of  all  civilized  na- 
tions ;  much  the  greater  part  of  these  facts,  so  essential  to  every 
engineer  in  active  practice,  was  accessible  only  to  those  who  had 
sufficient  means  to  procure  the  books  and  periodicals  which  con- 
tained them,  or  were  so  situated  as  to  be  able  to  use  one  of  the 
great  public  libraries  which  were  then  much  more  rare  than  now. 
Even  where  the  information  was  accessible  to  them,  very  few  of 
those  who  really  had  the  greatest  need  of  it  had  sufficient  time  at 
their  disposal  to  enable  them  to  make  use  of  the  very  valuable  ma- 
terial, disseminated,  as  it  was,  so  widely.  Such  a  state  of  affairs 
could  not,  of  course,  exist  for  any  great  length  of  time. 

There  is  a  class  of  minds  to  be  found  in  all  professions  which 
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are  specially  fitted  for  the  work  of  gathering  together  exactly  such 
data  and  of  placing  them  in  such  a  shape  as  to  be  readily  acces- 
sible and  in  the  most  appropriate  form  for  practical  use.  Some- 
times, with  this  faculty  or  capacity  is  combined,  with  that  of  being 
able  to  deduce  from  such  well-prepared  tabulated  statements  of  a 
large  number  of  facts  relating  to  some  one  natural  principle,  a  gen- 
eral law  contained  in  a  few  words  or  a  comparatively  simple  for- 
mula by  which  most  of  the  data  in  question  can  be  expressed  in  a 
mathematical  form.  Newton's  "  law  of  gravitation"  and  Darwin's 
"law  of  the  survival  of  the  fittest"  are  among  the  highest  evidences 
of  this  power.  The  mathematical  discussion  of  such  formula  often 
leads  to  results  of  the  highest  importance  when  undertaken  by  such 
men,  who,  though  far  from  common,  are  nevertheless  to  be  found 
in  all  branches  of  natural  science,  and  they  are  probably  as  well 
represented  in  the  American  Association  for  the  Advancement  of 
Science,  as  in  any  other  school  of  scientists.  I  do  not  mean,  of 
course,  in  absolute  numbers,  but  in  proportion  to  the  comparative 
rarity  of  this  type  of  mind.  It  is  to  these  two  classes  of  scientific 
workers  that  the  profession  of  engineering  practically  owes  its  ex- 
istence in  its  present  state.  Their  remuneration,  I  am  sorry  to 
say,  has  been  very  meagre,  that  is,  in  a  pecuniary  point  of  view. 
Mentally,  they  have  been  undoubtedly  well  paid,  for  labor  of  this 
character  brings  probably  the  highest  intellectual  pleasure  of  which 
the  human  mind  is  capable.  The  pecuniary  unselfishness  of  these 
classes  of  men  has  become  proverbial ;  to  the  average  man  of  the 
world  it  is  absolutely  incomprehensible. 

Until  a  comparatively  recent  time,  there  was,  except  in  a  few  spe- 
cial cases,  but  little  provision  made  to  aid  these  unselfish  workers, 
and  much  of  the  best  of  this  kind  of  scientific  work  was  really  done 
in  poverty,  by  those,  who,  not  only  were  not  paid  for  it,  but  who 
really  had  to  deprive  themselves  of  many  things  we  consider  nec- 
essaries of  life  to  obtain  the  means  of  carrying  on  their  investiga- 
tions. They  were  recruited  from  various  sources :  many  began 
as  teachers  in  the  few  technical  and  scientific  schools  that  then 
existed  ;  but,  recognizing  when  instructing  their  classes  the  want 
of  better  and  more  accurate  knowledge  of  certain  physical  phe- 
nomena, were  induced,  by  their  love  of  the  subject,  to  endeavor, 
by  experiment,  to  supply  that  need.  Others,  again,  who,  by  some 
happy  accident,  had  had  their  attention  directed  to  physical  sci- 
ence, passed  from  the  laboratory  to  the  lecture-room,  and,  through 
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a  long  and  useful  life,  combined  the  two  callings.  Those,  however, 
who,  during  their  whole  career,  either  as  experimenters,  compilers, 
or  mathematicians  (using  the  latter  word  for  want  of  a  better,  to 
cover  that  class  who  have  generalized  and  placed  in  a  mathemati- 
cal and  exact  form  the  result  of  the  labors  of  others),  confined 
themselves  to  their  specialty,  were  generally  considered  by  most 
men  as  good-natured,  harmless  and  rather  eccentric  individuals, 
whose  function  in  life  they  did  not  understand,  and  the  valuable 
results  of  their  mental  labor  they  did  not  appreciate,  although 
they  might  have  an  indistinct  idea  that,  on  some  exceptional 
occasion,  the  information  such  men  were  accumulating  might  be 
useful. 

The  practical  engineer,  the  engineer  as  the  world  understood  it, 
was  at  first  developed  in  the  workshop  or  in  the  field  ;  he  may 
in  some  cases  have  begun  with  a  little  scientific  training,  but 
this  was  rarely  the  case.  He  was  generally  a  man  of  bi'oad,  com- 
mon sense  with  great  capacity  for  work,  open  to  conviction  and 
witii  a  strong  desire  to  improve  himself.  His  professional  training 
was  acquired  chiefly  in  the  active,  practical  work  of  his  calling, 
but,  whenever  the  occasion  presented  itself,  he  availed  himself  of 
whatever  books  on  natural  philosophy  or  special  technical  subjects 
came  to  his  hand.  He  grew  with  his  profession  and  helped  to 
advance  it.  The  careers  of  such  men  as  George  Stephenson  and 
James  Watt  give,  it  seems  to  me,  a  good  idea  of  the  power  of 
certain  minds  and  of  the  development  of  which  they  are  capable, 
even  where  circumstances  have  not  been  particularly  favorable. 
The  success  of  such  men  is  often  referred  to,  as  showing  of  how 
little  importance  a  scientific  training  is  to  the  engineer.  How 
often  have  I  heard  intelligent  people,  who  have  only  examined  the 
subject  superficially,  say,  "  Look  at  that  man !  he  never  had  any 
college  training,  and  see  what  he  has  accomplished  ;  now,  look  at 
that  other !  he  has  had  the  very  best  educational  advantages,  and 
he  has  done  absolutely  nothing."  But  we  all  know  that  the  very 
roughest  manipulation  may  sometimes  make  an  excellent  tool  out 
of  a  good  piece  of  steel,  wliile  the  most  careful  handling,  the  best 
workmanship,  can  never  do  that  with  a  radically  bad  piece.  The 
older  members  of  the  profession,  those  with  whom  I  came  in  con- 
tact as  a  boy,  when  1  first  had  my  attention  directed  towards  it, 
were  almost  without  exception  self-made,  self-instructed,  self-de- 
veloped men,  but  "there  were  giants  in  those  days." 
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The  demand  for  men  to  undertake  the  direction  of  the  great 
public  works  which  were  started  in  all  parts  of  the  United  States, 
during  the  early  part  of  the  century,  naturally  brought  such  men 
to  the  front ;  there  were  no  schools  and  colleges  in  which  they 
could  be  instructed,  nor  were  there  any  teachers  capable  of  in- 
structing them.  They  came  to  the  front  and  maintained  their 
position  by  mere  force  of  brains.  Among  the  younger  men  who 
were  associated  with  them  were  some  graduates  of  the  few  tech- 
nical, schools,  mostl}'-  European,  or  of  the  scientific  courses  of 
some  of  the  colleges,  that  were  already  beginning  to  realize  the 
importance  to  the  rising  generation  of  a  chance  to  prepare  them- 
selves for  such  a  field  of  labor  and  to  endeavor,  as  far  as  was  then 
possible,  to  afford  them  the  opportunity.  When  the  good  work 
was  once  started,  the  demand  for  the  services  of  graduates  of 
these  colleges  soon  became  too  great  for  the  supply ;  and  schools, 
where  technical  instruction  of  the  highest  order  is  given,  have 
been  established  all  over  the  country,  which  is  now  dotted  with 
institutions  of  this  character,  and  the  public  works,  throughout 
the  whole  United  States,  bear  witness  to  the  eminent  abilities  and 
thorough  training  of  a  host  of  their  graduates. 

The  above,  though  a  very  brief  and  imperfect  description  of  the 
manner  in  which  the  profession  of  engineering  has  grown  during 
the  present  century  is,  in  the  main  outline,  correct. 

Much  of  what  I  have  said  is  the  result  of  personal  observation 
and  much  I  have  learned  from  conversing  with  the  older  members 
of  the  profession  with  whom  I  have  come  in  contact  since  I  was  a 
boy.  As  long  as  I  can  remember,  nothing  ever  gave  me  more  pleas- 
ure than  to  listen  to  the  stoi'ies  of  how  the  pioneer  engineers  of 
our  country  encountered  and  overcame  great  difficulties  with  the 
very  imperfect  and  limited  appliances  they  had  at  their  command. 

At  the  present  day  engineers,  no  matter  what  ma}'  be  the  spe- 
cial branch  to  which  they  are  devoting  themselves,  can  be  divided 
into  three  general  classes  :  The  first  class  includes  those  engaged  in 
purely  scientific  and  experimental  work  ;  and,  in  it,  we  find,  not  only 
the  original  investigators,  the  compilers  and  the  mathematicians, 
but,  also,  those  who  have  charge  of  the  experimental  and  phys- 
ical laboratories  of  the  great  railroads  and  industrial  establishments 
of  the  country.  These  form  a  bodj'  of  ever-increasing  importance 
not  only  in  their  number,  but  also  in  the  value  of  their  work,  which 
is,  in  a  certain  sense,  similar  or  rather  analogous  to  that  of  the 
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analytical  chemist.  Their  duties  are  peculiar  in  this  respect,  that, 
as  far  as  the}'  are  personally  concerned,  commercial  considerations 
do  not,  at  least  to  any  great  extent,  enter  into  them  ;  they  have 
little  or  nothing  to  do  with  the  management  of  men  nor  with  the 
question  of  the  best  utilization  of  their  labor ;  they  are  rather  crit- 
ics of  other  men's  work  than  directors  of  it.  For  example,  they 
are  not  required  to  produce  at  a  given  cost  a  certain  quality  of 
iron  or  steel,  but  to  determine  the  physical  and  chemical  proper- 
ties and  the  relative  values  of  the  different  kinds  of  steel  and 
iron  that  are  produced  ;  to  decide  whether  a  given  specimen  is 
what  it  pretends  to  be  or  not ;  to  tell  whether  its  qualities  are  such 
as  to  fit  it  for  any  particular  special  use.  But  their  functions  do 
not  cease  here.  They  discover,  by  experiment,  new  uses  for  old 
products  and  new  products  for  old  uses ;  they  investigate  scientifi- 
cally the  new  problems  that  are  constantly  arising  in  the  fields  in 
which  they  are  engaged  and  which  it  would  be  impossible  for  engi- 
neers, engaged  in  the  practical  direction  of  establishments  of  this 
kind,  to  work  out,  without  interfering,  ver}'  seriously,  with  those 
important  duties  which  require  their  attention  at  all  times. 

The  second  class,  which  is  a  very  large  and  important  one,  in- 
cludes those  who  formerly  constituted  almost  the  whole  body  of 
engineers  and  who  more  nearly  answer  to  the  commonly  received 
idea  of  the  profession.  The  type  of  this  class  is  the  chief  engi- 
neer of  a  railroad;  he  is  the  scientific  adviser  of  the  managers 
of  the  road.  They  decide  what  work  is  to  be  done  or  what  it  is 
advantageous  to  produce,  what  railroads  it  is  commercially  desir- 
able to  build  ;  but  it  is  his  function  to  examine  and  advise  them 
as  to  the  various  routes  that  may  be  adopted,  giving,  in  detail,  the 
particular  advantages  of  each  route,  as  to  its  cost  of  construction 
and  of  maintenance  and  of  the  greater  or  less  expense  of  working 
it;  he  is  supposed  to  investigate  and  report  upon  the  different 
83'stems  of  bridges,  rails,  ties,  etc. 

If  the  managers  have  decided  to  build  a  road  or  a  furnace,  or  if  it 
has  been  determined  to  open  a  mine,  it  becomes  his  dut}'  to  super- 
vise the  preparation  of  tiie  plans  and  the  laying  out  of  the  work; 
if  the  actual  construction  is  given  out  by  contract,  to  see  that  the 
terms  of  the  contract  are  carried  out  strictly,  that  only  as  much 
money  is  paid  therefor  at  the  times  and  under  the  conditions  as 
was  originally  agreed  upon,  and  that  the  material  and  work  in  all 
respects  is  of  the  class  which  it  was  decided  that  it  should  be. 
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But  if,  as  is  sometimes  the  case,  the  work  is  not  let  by  contract, 
but  is  built  by  the  company  themselves,  his  duties  become  still 
more  onerous  and  complex.  He  must  then  see,  not  only  that  the 
work  is  properly  done,  but  also  that  just  wages  are  paid  ;  that 
competent  men  are  employed  ;  that  suitable  material  is  used  ;  that 
they  are  properly  utilized  from  a  mechanical  standpoint ;  that  the 
price  paid  for  them  is  the  lowest  compatible  with  good  quality, 
and  that  finally  everything  is  done  so  as  to  produce  the  best  result 
for  the  smallest  amount  of  money.  For  this  he  needs  not  merely 
a  broad  and  thorough  technical  education,  but  good  common 
sense,  a  knowledge  of  men  and  business  experience. 

The  third  class,  which  is  of  comparatively  recent  origin,  is  be- 
coming more  and  more  important  and  promises  in  the  future  to 
relieve  those  of  the  second  class  from  much  of  their  uncongenial 
duties,  and  comprises  what  may  be  called  business  or  contracting 
engineers.  I  may  probably  best  make  myself  understood  by  an 
example.  Twenty-five  or  thirty  years  ago,  if  a  railroad  company 
wanted  to  build  a  bridge,  unless  it  was  a  very  small  one,  the  chief 
engineer  would  have  the  ground  carefully  surveyed  and  examined  ; 
would  have  plans  prepared  in  his  office ;  would  buy  the  material 
from  different  parties  and  have  them  properly  worked  up  and  the 
bridge  erected  under  his  own  supervision.  Now,  the  case  is  dif- 
ferent ;  he  would  practically  do  nothing,  except  in  very  rare  in- 
stances, but  ask  for  bids  for  a  bridge  to  be  built  of  a  given  height 
and  span  under  certain  specified  conditions  over  a  valley  or  river, 
which  would  be  capable  of  sustaining  a  given  moving  load.  He 
would,  if  his  company  were  able  to  pay  for  it,  have  no  trouble  in 
having  this  done  by  contracting  engineers  for  a  lump  sum  under 
a  guarantee  that  it  would  be  perfectly  satisfactory,  although  each 
bidder  would  prepare  his  own  plan  for  the  structure.  This  applies 
not  only  to  bridges,  but  to  almost  any  other  engineering  work 
that  is  not  of  a  very  special  character ;  in  fact,  it  is  not  an  un- 
common thing  for  a  contract  to  be  made  to  construct  and  deliver 
a  railroad  built  and  equipped  in  a  specified  manner  for  a  certain 
sum  of  money,  or  even  for  a  certain  amount  of  stock  and  bonds. 
Many  of  the  blast  furnaces  recently  erected  by  new  companies 
have  been  built  in  this  way.  Some  of  the  brightest  minds  in  the 
profession  are  now  engaged  in  this  business,  and  it  seems  destined 
to  become  a  more  and  more  common  way  of  doing  work  of  this 
character.    Where  the  contracting  engineer  is  a  man  of  ability 
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and  character,  it  is  a  most  satisfactory  method  both  to  the  man 
doing  the  work  and  the  one  paying  for  it.  This  change,  which  is 
gradually  being  made  in  the  duties  of  the  profession,  attracted  my 
attention  some  years  ago,  but  of  late  it  has  been  so  marked  that  I 
have  almost  unconsciously  been  giving  a  great  deal  of  thought  to 
it.  It  seems  to  me  that  it  is  worthy  of  the  careful  consideration 
of  all  of  us,  whether  we  are  teachers,  consulting  engineers  or  men 
of  business.  If  the  fact  be  such  as  1  have  stated,  if  engineering  be 
broadening  and  covering  almost  the  whole  field  from  pure  sci- 
ence to  pure  business  ;  if  two  young  men  who  are  members  of  the 
same  class  in  a  technical  school,  and  following  the  same  course  of 
instruction  be  destined  to  such  different  duties,  though  they  may 
both  become  in  name  engineers,  is  it  not  time  for  us  to  pause  to 
examine  the  whole  field  of  technical  education,  to  study  carefully 
the  mental  requirements  and  training  of  those  who  are  to  devote 
themselves  to  each  of  these  tln*ee  branches  of  what  is  now  called 
engineering?  As  we  all  know,  there  has  been  for  the  past  ten  or 
fifteen  years,  a  very  active,  vigorous  and  interesting  discussion  of 
that  most  important  subject,  "  technical  education."  Men  of 
ability  and  of  experience,  who  have  given  much  time  and  thought 
to  the  question,  differ  as  widely  as  they  did  ten  years  ago  as  to 
the  proper  relation  of  theory  and  practice  in  the  training  of 
the  young  engineer.  They  are  not  in  accord  as  to  whether  a 
student  should  do  practical  work  before,  during  or  after  his  col- 
legiate course.  There  are  many  advocates  of  each  plan,  but 
among  those  who  apparently  have  had  the  best  opportunities  of 
judging,  there  is,  as  yet,  no  agreement  as  to  what  advice  should 
be  given  to  a  young  man  wishing  to  enter  upon  a  technical  career. 
No  matter  what  plan  may  be  suggested,  there  are  always  exam- 
ples, both  of  the  good  and  bad  eff"ects,  of  adopting  that  system 
which  are  constantly  being  brought  forward.  One  of  the  most 
pleasant  and  hopeful  features  of  the  discussion,  however,  is  the 
great  interest  that  is  felt  in  it  by  the  older  members  of  the  pro- 
fession, and  the  amount  of  time  and  thought  that  they  are  not 
only  willing  but  anxious  to  give  to  it  when  we  consider  how  little 
leisure  tiiey  generally  have  for  such  work.  However,  notwith- 
standing the  fact  that  so  many  able  and  educated  minds,  which 
have  been  trained  to  the  most  scientific  and  logical  treatment  of  a 
vast  range  of  subjects,  have  been  so  long  trying  to  solve  the  prob- 
lem, they  seem  as  yet  far  as  ever  from  coming  to  any  agreement 
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as  to  the  proper  relations  of  theory  and  practice  in  technical  edu- 
cation. Like  many  of  you,  I  have  also  given  some  attention  to 
the  question,  and,  although  I  cannot  claim  to  have  gone  into  it 
thoroughly  and  systematically,  and  consequently  must  submit 
what  I  have  to  say  with  diffidence,  it  has  occurred  to  me  that  per- 
haps one  of  the  causes  of  the  difficulty  of  coming  to  a  practical 
agreement  as  to  the  best  course  of  study  for  a  young  man  wishing 
to  become  an  engineer,  as  has  been  done  for  those  preparing  them- 
selves for  the  church,  the  bar  or  medicine,  is  the  fact  that  the  field 
covered  by  the  professions  and  pursuits  now  included  by  the  term 
engineering,  has  become  too  great  for  any  single  course  of  study 
to  be  applicable  to  it.  In  every  state  in  the  Union  there  is  prac- 
tically a  well-defined  course  of  study  which  must  be  followed  by 
those  who  intend  to  become  members  of  the  bar,  and  an  exami- 
nation which  at  least  claims  to  be  similar  in  character  that  each 
person  must  pass  before  he  is  admitted.  There  is  little  or  no  dis- 
cussion as  to  whether  some  other  system  of  education  would  be 
better.  There  are,  of  course,  differences  of  opinion,  as  to  the  great- 
er or  less  importance  of  some  of  the  details  of  the  students'  work, 
but  they  are  not  such  as  attract  any  great  attention.  So  with  the 
church :  each  denomination  has  its  own  views  as  to  the  mental 
character  of  the  candidates  and  as  to  the  manner  in  which  they 
should  be  instructed  ;  but,  practically,  each  sect  is  agreed  as  to 
the  general  principle  upon  which  the  studies  of  those  who  intend 
to  enter  the  ministry  should  be  conducted  ;  so,  in  medicine,  there 
is  very  little  divergence  of  opinion  as  to  the  relation  that  the 
practical  work  in  the  dissecting  room,  at  the  clinic  and  in  the 
hospital  should  bear  to  the  theoretical  training  of  the  lecture-room 
and  the  text-books.  There  are,  of  course,  some  changes  in  tlie 
methods  of  theoretical  instruction  in  which  the  more  advanced 
schools  have  not  been  followed  by  the  more  conservative  institu- 
tions, but  they  are  rather  questions  of  detail  than  of  principle. 
They  all  agree  as  to  the  relation  and  character  of  the  practical  to 
the  theoretical  work  and  as  to  the  time  in  which  the  former  should 
be  done.  But,  when  we  come  to  the  training  of  the  engineer,  this  gen- 
eral unanimity  of  opinion  is  no  longer  to  be  found.  Is  it  because 
the  study  of  engineering  is  of  so  recent  a  date  that  it  has  not  had 
time  to  develop  properly?  This  maybe  one  reason,  but  it  does 
not  seem  to  me  to  be  sufficient  to  account  for  the  fact.  The  more 
I  think  of  it  the  more  it  seems  to  me  that  the  great  difficulty 
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is  that  the  field  now  attempted  to  be  covered  by  an  engineering 
education  is  too  vast  to  come  within  any  one  system  of  instruc- 
tion. The  state  of  affairs  is,  to  a  certain  extent,  similar  to  what 
would  be  the  case  if  a  number  of  clergymen,  doctors  and  lawyers 
should  endeavor  to  lay  out  a  course  of  study  for  students  to  follow 
in  common  with  success  and  profit  when  a  part  of  them  (it  would 
be  impossible  to  determine  beforehand  which)  were  to  devote 
themselves  afterwards  to  the  practice  of  the  law,  part  to  the  prac- 
tice of  medicine  and  part  to  the  work  of  the  church.  Now,  while 
such  a  plan  would  never  be  proposed,  yet  I  feel  satisfied  that,  if 
several  thousand  students  were  compelled  to  follow  a  course  laid 
out  in  this  way,  there  would  always  be  among  them  a  few,  whose 
special  aptitude  for  one  or  other  of  the  professions  would  be  so 
great  that  they  would  rise  to  eminence  in  their  own  specialty ;  for 
they  would  assimilate  and  profit  in  the  highest  degree  by  that 
portion  of  the  instruction  peculiarly  suited  to  their  turn  of  mind. 
Yet  there  is  no  doubt  that  a  great  part  of  the  time  and  energy  of 
the  mass  of  the  students  would  be  wasted,  and  that  the  useful  ef- 
fect of  their  training,  as  a  whole,  would  be  very  discouraging. 

No  one  would,  of  course,  suggest  or  consider  such  a  plan,  but 
a  reference  to  it  may  be  of  use  in  enabling  me  to  impress  more 
strongly  upon  your  attention  the  idea  which  has  suggested  itself  to 
me,  and  which,  I  think,  may  possibly  be  worthy  of  the  attention  of 
those  who  are  giving  the  subject  of  technical  education  the  advan- 
tage of  their  experience,  their  training  and  their  thought;  and  I 
know  that  there  are  many  in  this  Association  to  whom  this  is  a 
subject  of  deep  interest. 

One  of  the  most  important  duties,  one  of  the  greatest  privileges 
of  an  educated,  trained,  thinking  man  is  that  of  preventing  waste, 
whether  it  be  of  matter  or  force,  whether  the  latter  be  physical  or 
mental ;  and  what  more  dreadful  waste  can  there  be  than  the  mis- 
directed energies  of  the  young  student  who  has  so  little  time  at 
his  disposal  and  so  much  to  learn  before  he  is  obliged  to  enter 
upon  these  active  duties  by  which  he  must  gain  his  daily  bread.  If 
he  who  makes  two  blades  of  grass  grow  where  one  grew  before 
deserves  well  of  mankind,  how  much  more  he  who  aids  in  prevent- 
ing the  useless  labor  of  sowing  seeds  that  are  likely  to  develop 
into  worse  than  useless  weeds  ! 

If,  as  it  seems  probable,  engineering  is  now  becoming  really 
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three  professions  or  callings,  differing  so  widely  from  one  another 
as  to  demand  a  special  training  for  each,  is  it  not  perhaps  pos- 
sible that  no  one  collegiate  course  will  be  suitable  and  advisable 
for  all  ?  Is  not  the  question,  at  least,  worthy  of  thought  and  dis- 
cussion ?  In  the  hope  that  you  will  deem  it  so,  I  submit  it  to  you 
for  your  consideration. 
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NiCARAGUAK  WOODS.    By  Prof.  R.  H.  Thurston,  Ithaca,  N.  Y. 

[ABSTRACT.] 

The  paper  contained  an  account  of  an  investigation  of  the  strength  and 
other  valuable  qualities  of  the  woods  of  Nicaragua  made  under  the  direc- 
tion of  the  writer  in  the  laboratory  of  the  Sibley  College  of  Cornell  Uni- 
versity. It  was  of  the  same  character  and  scope  as  that  on  the  Cuban 
Woods  presented  three  or  four  years  ago  and  published  in  full  in  Van 
Nostrand's  Magazine.  It  is  hoped  that  the  paper  may  be  of  service  in 
making  known  to  our  people  the  value  of  the  timber  trees  of  Central 
America  as  was  the  former  in  calling  attention  to  those  of  Cuba.  [Pub- 
lished in  full  in  Journal  Franklin  Institute,  1887.] 


Thk  American  system  of  water  purification.     By  Dr.  Albert  R. 
Leeds,  Hoboken,  N.  J. 

[ABSTRACT.] 

The  American  system  of  water-purification  is  founded  upon  the  three 
following  novel  and  original  processes  : — 

1.  Artidcial  aeration  under  pressure. 

2.  Assisted  precipitation  by  coagulants. 

3.  Mechanical  filtration  under  pressure. 

1.  Artificial  aeration  under  pressure.  This  process  grew  out  of  an  in- 
vestigation, which  I  was  requested  to  make,  Into  the  causes  of  the  very 
offensive  taste  and  odor  of  that  part  of  the  water-supply  of  Philadelphia, 
during  the  months  of  January  and  February,  1883,  which  was  derived 
from  the  river  Schuylkill.  I  found  that  the  Schuylkill  was  covered 
with  ice  throughout  its  entire  length,  and  that  the  disgusting  taste  was 
due  to  the  putrefactive  decomposition  of  sewage  thrown  into  the  Schuyl- 
kill from  the  factories  and  sewers  of  Manayunk,  a  large  manufacturing 
town  located  on  this  river  six  miles  above  the  intake  of  the  Falrmount 
pumplng-slation.  In  the  course  of  the  decay  of  this  sewage  out  of  contact 
with  air,  the  oxygen  gas,  uormally  present  In  all  sweet  water,  had  been 
largely  used  up.  On  driving  oxygen  into  the  water  I  found  that  I  could 
artificially  oxidize  fifty  per  cent  of  the  readily  putresclble  organic  matters 
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in  solution.  This  result  led  to  the  appropriation  by  the  city  of  Philadel- 
phia of  ten  thousand  dollars  to  purchase  air  compressors,  which  were  at- 
tached to  the  ascending  mains  at  the  pumping-stations,  and  air  was  driven 
into  the  water  under  the  corresponding  great  pressures.  Shortly  after- 
wards, the  same  process  was  applied  to  the  water  pumped  at  New  Milford 
on  the  Hackensack  river,  the  mixture  of  air  and  water  being  driven 
through  a  main  seventeen  miles  in  length,  until  it  is  delivered,  at  a  height 
of  180  feet,  into  the  receiving  reservoir  above  Hoboken.  This  last  plant 
has  been  steadily  in  operation  for  three  years,  and  has  resulted  in  accom- 
plishing the  purpose  for  which  it  was  intended  in  this  instance  —  the  pre- 
vention of  the  growth  of  algce  in  the  water-supply.  It  has  now  gone  into  use 
at  Champaign,  111.,  Greenwood  Park,  Brooklyn,  Somerville,  N.  J.,  and  in 
many  other  towns. 

2.  Assisted  precipitation  by  coagulants.  This  process  is  requisite  when 
the  suspended  dirt  is  too  finely  divided  to  be  arrested  by  the  pores  of  the 
filter.  Or,  2nd,  when  the  water  is  colored  by  peaty  extract,  dye-stains, 
vegetable  extracts,  etc.  3rd.  When  it  is  foul  and  dangerous  from  the 
presence  of  sewage  and  the  various  pathogenic  bacteria.  4th.  When  it 
is  hiird  from  dissolved  carbonates  and  sulphates  of  lime  and  magnesia. 
In  the  first  three  cases,  the  coagulation  is  best  effected  by  alum,  from  one- 
half  to  one  grain  of  alum  being  ordinarily  sufficient.  In  case  peat  is 
present,  the  alumina  acts  precisely  like  a  mordant,  uniting  with  the  col- 
oring matter  as  a  reddish-brown  lake,  both  the  alumina  in  the  form  of  a 
basic  sulphate  and  the  peat  being  thrown  out  of  solution.  If  peat  ex- 
tract or  some  similar  body  is  not  present  in  the  water,  then  I  have  pro- 
posed the  employment  of  ferric  chloride  together  with  lime  water,  the  co- 
agulum  of  ferric  hydrate  carrying  down  with  it  all  the  bacteria  present 
in  the  water.  Waters  which  have  temporary  hardness  are  softened  by 
the  use  of  the  required  amount  of  lime,  and  those  which  are  permanently 
hard  are  softened  by  the  use  of  carbonate  of  soda,  the  water  in  the  latter 
case  being  raised  to  the  boiling  point.  In  all  these  four  cases,  the  pre- 
cipitated silt,  or  peat,  or  ferric  hydrate,  or  carbonate  of  lime,  is  and  must 
be,  removed  by  the  final  process  of  filtration. 

3.  Mechanical  filtration  under  pressure.  The  universal  practice  in  Eng- 
land is  to  purify  the  water  by  large  filter-beds  constructed  of  expensive 
masonry.  The  filtering  itself  is  effected  by  two  feet  of  sand,  and  the 
elaborate  construction  of  graded  gravel  and  broken  stone  beneath  the 
sand  is  to  provide  channels  to  drain  the  filtered  water  away.  In  the 
American  system  the  filters  are  made  of  iron  tanks  so  strongly  built  as  to 
withstand  great  pressure.  The  filtering  is  done  by  four  feet  of  sand  in 
these  tanks.  The  cleansing  of  the  filter  bed,  which  in  England  is  carried 
out  by  men  shovelling  off  the  dirt,  is  done  in  these  tanks  by  reversing  the 
current  and  sending  the  water  up  through  a  series  of  perforated  pipes 
placed  a  foot  below  the  surface.  The  water  is  drained  away  by  a  lower 
series  of  pipes,  the  pipes  being  double,  one  inside  the  other,  both  perfor- 
ated, the  space  between  them  being  filled  with  quartz  gravel.  A  filter  of 
this  description,  ten  feet  in  diameter,  filters  one-quarter  million  gallons 
per  diem. 
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A  NKW  METHOD  OF  FINDING  AN  EQUIVALENT  UNIFORM  LOAD  PRODUCING 
BENDING  MOMENTS  APPROXIMATELY  EQUAL  TO  THE  MAXIMUM  MO- 
MENTS UNDER  A  MOVING  TRAIN.     By  Prof.  H.  T.  Eddy,  Cincinnati,  O. 

[ABSTRACT.] 

The  aathor  first  develops  a  new  graphical  method  of  exactly  repre- 
senting the  maximum  bending  moments  in  a  girder  due  to  a  set  of  wheels 
which  move  from  end  to  end  of  the  girder.  These  bending  moments  are 
represented  as  the  difference  of  the  ordinates  of  two  equilibrium  poly- 
gons of  which  one  is  a  parabola. 

The  approximation  in  view  consists  in  assuming  the  other  equilibrium 
polygon  to  be  a  parabola  also,  as  in  fact  it  is  nearly  when  the  number  of 
wheels  in  the  set  on  the  girder  is  large. 

The  maximum  moments  are  then  taken  to  be  produced  by  a  train  con- 
sistlng  of  one  or  more  engines  preceded  and  followed  by  a  uniform  train. 
Of  this  loading  the  engine  excess  only  is  taken  to  constitute  the  moving 
load.  ^ 

The  approximate  formula  for  the  equivalent  uniform  load  is  then 

wi  =  weight  per  foot  of  uniform  train. 

E  =  total  engine  excess. 

I  =  length  of  girder. 

I'  =  total  length  of  wheel  base  of  engines. 


On  the  deflection  of  gibders  and  trusses.    By  Prof   H   T    Pnnv 

Cincinnati,  Ohio.  '      '  ■^"''^' 

[abstract.] 

In  this  paper  are   defined  the  fundamental  formulae  which  express  the 

deflections  in  terms  of  the  stresses;  and  in  case  of  the  single  intersection 

truss,  the  deflection  due  to  both  chord  and  web  members  is  included 

A  useful  graphical  system  of  constructing  the  deflections  is  developed 
in  connection  with  these  expressions,  of  such  a  nature  that  the  deflection 
at  any  point  of  any  member  of  the  truss  is  readily  determined. 


Reaction   polygons   and  their  properties.    By  Prof  H    T    Fnnv 

Cincinnati,  Ohio.  '      '      *   ^""^' 

[abstract.] 

This  is  a  new  general  class  of  graphical  polygons  suitable  for  deter- 

minmg  those  positions  of  wheel  weights  in  a  moving  train  which  produce 

the  maxima  bending  moments  and  maxima  shearing  stresses  at  any  points 

of  a  simple  girder  or  of  a  single  intersection  truss. 

A.  A.  A.  8.  VOL.  XXXVI.  H 


162  SECTION   D. 

The  paper  contains  the  general  explanation  of  reaction  polygons,  the 
method  of  constructing  them  and  their  application  in  the  graphical  dis- 
cussion of  the  following  problems  : 

1.  Determination  of  centres  of  gravity. 

2.  Determination  of  load  at  a  panel  point  and  the  shear  in  girder, 
stringer  and  truss. 

3.  Determination  of  the  segments  of  the  girder  and  truss  in  which  the 
maximum  shear  is  dominated  by  the  successive  wheels. 

4.  Determination  of  the  positions  of  an  unlimited  train  which  produce 
maxima  bending  moments  at  any  given  point  of  the  girder  and  maxima 
stresses  in  the  members  of  the  unloaded  chord  of  a  single  intersection 
truss.  Comparison  of  any  two  moments  at  a  given  point  of  the  span  due 
to  two  different  train  positions. 

5.  Determination  as  in  No.  4  of  train  positions  for  maxima  stresses 
in  loaded  chord.     Comparison  as  in  No.  4  for  loaded  chord. 

6.  Most  general  comparison  of  the  bending  moment  at  one  point  of  span 
and  one  train  position  with  that  at  another  point  and  a  different  train  po- 
sition. 

7.  Determination  of  points  of  maximum  moment  for  each  of  a  set  of 
wheels  all  of  which  remain  on  the  span.  Determination  of  the  wheel 
which  produces  the  greatest  maximum  moment  and  the  point  of  the  span 
where  it  does  this.  Determination  of  the  segments  of  the  span  in  which 
the  maximum  moment  is  dominated  by  the  successive  wheels. 

8.  Same  determinations,  as  in  No.  7,  in  case  where  a  uniformly  distrib- 
uted load  covers  the  span  in  addition  to  the  train  of  wheel  weights. 


On  an  improved  method  for  testing  metals.    By  Prof.  Charles  E. 
MuNROE,  U.  S.  N.,  Torpedo  Station,  Newport,  R.  I. 

[ABSTKACT.] 

The  method  consists  in  detonating  gun  cotton  in  contact  with  or  near 
to  the  metal  to  be  tested.  The  test  may  be  applied  to  the  original  ingot 
from  which  the  part  is  to  be  shaped,  and  serves  to  show  the  capacity  of  the 
metal  to  resist  shocks,  and  also  exposes  the  structure  of  the  metal.  It  is 
deemed  especially  applicable  to  the  testing  of  metals  for  guns. 


Effect  upon  the  strength  of  iron  by  being  subjected  to  a  pull 
while  under  a  tensile  stress.  By  Prof.  De  Volson  Wood,  Ho- 
boken,  N.  J. 

[ABSTRACT.] 

Twelve  specimens  were  prepared  exactly  alike.  Two  were  broken 
without  treatment,  showing  an  average  strength  of  60,500  pounds  per 
square  inch.     Six  were  put  in  the  machine  while  at  a  dull  red  heat  and 
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subjected  to  a  steady  pull  of  one-flfth  the  above  stress,  and  four  more  to 
one-fourth  that  stress,  for  fifteen  minutes;  after  which  all  were  broken. 
Only  three  fell  below  50,000  pounds,  and  those  elongated  6  per  cent  or  more 
while  hot,  and  broke  with  over  47,000  pounds  per  square  inch. 


RaNKINK'S  SOLUTION  OF  THK  PROBLEM  OF  THE  TUUBINE.   By  Prof.  De 

VoLSON  Wood,  Hoboken,  N.  J. 

[abstract.!] 
The  solution  of  this  problem  given  in  "Prime  Movers,"  is  claimed  by 
the  author  to  be  general  for  all  turbines,  but  in  reality  it  is  for  a  special 
wheel,  applicable  only  to  the  condition  of  maximum  efficiency  and  not 
exact.  1  have,  however,  compared  his  formulas  with  exact  ones  and  find, 
that  in  ordinary  cases,  it  is  correct  within  one  per  cent. 


Downward  draft  device  for  a  furnace.    By  Prof.  De  Volson  Wood, 
Hoboken,  N.  J. 


National  armament.    By  Jas.  R.  Haskell,  New  York,  N.  Y. 

[This  paper  will  be  printed  in  full  by  the  author.    Copies  can  be  had 
free  by  addressing  Mr.  Haskell,  120  Broadway,  New  York.] 


Friction  of  engines.    By  Prof.  R.  H.  Thurston,  Ithaca,  N.  Y. 

[ABSTRACT.] 

This  paper  consisted  of  memoranda  relating  to  the  friction  of  engines 
as  affected  by  their  loads,  and  was  a  continuation  of  work  reported  upon 
at  previous  meetings  of  the  Association. 


A   NEW    high-speed    STEAM    ENGINE    INDICATOR.        By    Prof.    J.    BCRKITT 

Webb,  Stevens  Institute,  Hoboken,  N.  J. 
[abstract.] 
Some  three  or  four  years  since,  in  talking  with  Professor  Sweet  about 
an  indicator  for  high-speed  engines,  he  suggested  having  a  small  chamber 
connected  with  the  cylinder  by  means  of  a  stop-cock,  the  repeated  sud- 
den automatic  opening  and  closing  of  which  at  a  definite,  adjustable  part 
of  the  stroke  should  admit  to  the  chamber  steam  of  the  pressure  then 

>  To  be  published  in  Journal  of  Franklin  Institute. 
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existing  in  the  cylinder,  which  pressure  could  be  indicated  and  registered 
by  a  gauge  connected  with  the  former.  There  seemed  to  me,  however, 
to  be  difficulties  in  the  way  of  obtaining  accurate  results  by  this  method, 
and  I  mention  it  in  presenting  the  new  Indicator  which  I  have  devised, 
only  because  of  the  similarity  in  principle  involved  in  both.  In  the  indi- 
cator which  I  exhibited  to  this  Section  at  Montreal,  the  piston  had  its 
motion  limited  to  a  very  small  portion  of  the  range  of  the  spring,  such 
portion,  however,  being  automatically  adjusted  successively  to  all  points 
in  the  range.  In  this  indicator,  in  common  with  Professor  Sweet's,  the 
piston  has  its  motion  limited  to  a  small  portion  of  the  time  occupied  by 
the  stroke  of  the  engine,  such  portion,  however,  being  adjustable  to  all 
points  of  the  stroke.  In  the  earlier  indicator  the  limitation  was,  therefore, 
one  of  space,  and  the  piston  was  free  to  move  its  small  distance  at  any 
time  when  the  necessary  change  of  pressure  occurred ;  in  this  indicator 
the  limitation  is  one  of  time,  and  the  piston  is  free  to  move  for  a  short 
period  only,  during  which,  however,  it  is  free  to  move  throughout  the 
whole  stroke,  equivalent  to  the  whole  range  of  the  spring. 

The  indicator  consists  of  a  plunger  piston  A,  furnished  with  springs  B 
and  an  indicating  point  or  pencil  G,  which  together  correspond  almost  ex- 
actly with  the  original  indicator  without  multiplying  levers.  The  piston, 
however,  is  clamped  by  the  piece  D  which  is  pressed  against  it  by  the 
spring  E  and  pin  F,  so  that  it  is  free  to  move  only  when  this  clamp  is  re- 
leased. For  this  purpose  there  is  the  lever  G,  link-bolt  ^and  lever  /, 
the  roller  on  which  Is  engaged  by  the  cam  J"  at  a  particular  time  during 
the  revolution  of  the  pulley  K.  The  pulley  is  connected  with  the  cross- 
head  by  some  positive  (generally  reducing)  motion,  so  that  the  levers  are 
operated,  and  the  clamp  momentarily  released  at  a  definite  point  in  the 
stroke.  The  drum  L  does  not  partake  of  the  motion  of  the  cross-head, 
but  is  controlled  by  the  wooden  hand-wheel  M.  The  lever  /is  shown  in 
the  drawing  in  the  plane  of  the  paper,  but  by  revolving  L  it  is  placed  suc- 
cessively at  all  angles,  i.  e.,  in  any  plane  passing  through  the  axis  of  L,  I 
being  mounted  upon  L;  in  this  way  as  the  paper  on  the  drum  is  revolved 
under  the  pointer,  the  release  of  the  piston  is  made  to  occur  at  the  cor- 
responding portion  of  the  stroke.  The  drum  may  be  moved  slowly  and 
continuously,  and  a  pencil  maybe  used  to  draw  the  card,  but  for  more  ac- 
curate work  a  point  is  used  which  scarcely  touches  the  paper,  and  the  drum 
may  be  allowed  to  remain  stationary  until  the  piston  is  seen  to  settle  to 
its  place,  when  the  point  may  be  pressed  into  the  paper,  and  the  drum  re- 
volved to  a  new  place ;  in  this  way  extra  care  may  be  taken  to  get  accu- 
rately special  portions  of  the  card.  It  is  evident  that  with  high-speed 
engines,  for  which  the  indicator  is  designed,  the  clamp  will  be  released  at 
the  same  point  of  several  successive  strokes  if  the  drum  be  moved  in  a  dis- 
continuous manner  and  at  nearly  the  same  point  where  its  motion  is  con- 
tinuous, and  that  the  pressure  at  any  point  of  the  stroke  may  be  obtained 
with  any  degree  of  accuracy  by  allowing  a  sufficient  number  of  strokes 
before  the  drum  is  moved.  By  a  simple  device,  N,  0,  the  release  is  made 
to  occur  at  will  during  the  forward  or  backward  stroke;  otherwise,  the 
pressure  shown  would  be  the  average  of  the  steam  and  back  pressures. 
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Os  THK  UNIFORMITY  OF  PLANIMKTKR  MEASUKKMENTS.   By  Pl'Of.  T.  C.  MeN- 

DENHALL  and  John  Mack,  Terre  Haute,  iDd. 

[ABSTRACT.] 

Sen'eral  series  of  planlraeter  measurements  of  diagrams  of  the  steam 
indicator,  showed  that  the  range  of  the  results  when  the  readings  were 
by  the  same  and  by  different  individuals  was  not  greater  than  one  per  cent 
of  the  wliole. 


An  analysis  of  dynamo  design.    By  Frank  C.  Wagner,  Lynn,  Mass. 

[abstract.] 

Most  of  the  writers  upon  the  theory  of  dynamo  design  leave  an  undeter- 
mined factor  in  their  formulae.  This  factor,  which  is  the  ratio  of  the 
magnetic  induction  through  the  armature  coils  to  the  magnetizing  force  of 
the  field  magnets,  is  commonly  determined  by  experiment.  In  the  fol- 
lowing it  will  be  shown  how  this  factor  may  be  calculated  from  the  form 
and  dimensions  of  the  iron  parts  of  a  dynamo. 

In  the  ordinary  formula  for  dynamos,  E  =  i  N  n  H,  H  is  the  magnetic 
induction.  The  magnetizing  force,  M,  equals  4  v  n'  C,  where  n'  C  is  the 
number  of  current-terms  in  the  field  magnets.  Our  problem  is,  iif  being 
given,  to  determine  H. 

In  Maxwell's  "  Electricity  and  Magnetism  "  Vol.  ii.  Art.  428,  we  read : — 
"The  magnetic  induction  is  a  quantity  of  the  nature  of  a  flux,  and  satis- 
fies the  same  conditions  of  continuity  as  the  electric  current  does." 

"In  isotropic  media  the  magnetic  induction  depends  on  the  magnetic 
force  in  a  manner  which  exactly  corresponds  with  that  in  which  the  elec- 
tric current  depends  on  the  electromotive  force." 

Now  if  we  wind  a  soft  iron  ring  with  a  number  of  turns  of  wire,  and 
send  a  current  through  the  wire,  the  magnetic  induction  may  be  said  to 
pass  through  an  isotropic  medium ;  it  may  therefore  be  calculated  from  the 
impressed  magnetic — or  magnetizing — force  and  the  magnetic  resist- 
ance of  the  magnetic  circuit.  This  magnetic  resistance  is  found  from  the 
length  and  cross  section  of  the  iron,  its  specific  magnetic  resistance  being 
known,  In  exactly  the  same  way  as  is  electrical  resistance.  Let  us  cut  a 
small  piece  out  of  our  iron  ring.  The  magnetic  resistance  of  the  circuit 
Is  now  made  up  of  two  terms,  the  resistance  of  the  Iron,  and  that  of  the 
air  space.  This  may  be  calculated  in  the  same  way  as  the  electrical  resist- 
ance of  a  circuit  composed  of  metals  of  different  conductivities,  provided 
that  the  air  resistance  is  not  too  great  in  comparison  with  the  resist- 
ance of  the  iron  portion  of  the  circuit.  The  magnetic  resistance  will  then  be 

I 
made  up  of  terms  like  ^ ;  where  I  is  the  length  of  the  body  parallel  to  the 
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lines  of  magnetic  induction,  ^j  is  the  coefficient  of  permeability,  and  A  is 
the  cross  section  perpendicular  to  the  lines  of  force. 

In  a  well  constructed  dynamo  the  air  resistance  should  be  of  the  same 
order  of  magnitude  as  the  magnetic  resistance  of  the  iron  portion.  Hence 
this  simple  method  may  be  applied  to  determine  the  magnetic  induction 
in  dynamos  when  we  know  the  form  and  dimensions  of  the  iron  parts,  and 
the  magnetizing  force  of  the  field  coils.  The  writer  has  applied  this 
method  to  two  dynamos  differing  widely  in  construction,  and  has  obtained 
a  very  satisfactory  agreement  with  experimental  results. 


On  the  theories  of  the  lateral  pressure  of  sand  against  retaining 
WALLS.  By  Prof.  Mansfield  Merriman,  Lehigh  University,  Bethle- 
hem, Pa. 

[abstract.!] 

The  paper  points  out  the  assumptions  or  hypotheses  upon  which  the 
various  formulas  for  the  lateral  pressure  of  earth  are  based.  These  hy- 
potheses are  in  most  cases  shown  to  be  arbiti'ary,  and  to  lead  to  incorrect 
formulas  except  in  a  few  limiting  simple  cases.  It  is  claimed  that  no 
existing  theory  gives  results  which  are  correct  for  all  cases,  and  that  the 
defects  of  all  methods  lie  in  the  assumptions.  The  point  of  departure  for 
an  exact  theory  seems  to  be  a  definition  which  shall  include  the  physical 
properties  of  sand  in  regard  to  the  direction  of  its  pressure.  This  defini- 
tion, having  been  established  by  experiment,  will  then  take  the  place  of 
the  arbitrary  hypothesis  now  employed. 


Error  of  approximate  calculations  of  the  effect  of  the  inertia  op 

THE  moving  parts   OF   A  STEAM  ENGINE.       By  D.    S.    JaCOBUS,    M.  E. 

Instructor  in  Experimental  Mechanics,  Stevens  Institute,  Hoboken, 

N.J. 

[abstract.] 

The  forces  given  below  are  obtained  by  considering  the  moving  parts 
as  free  bodies  in  space  and  calculating  the  forces  required  to  produce  the 
acceleration  experienced.    By  employing  this  method  all  the  forces  re- 

1  The  paper  is  publisbed  la  f^U  in  the  Colambia  School  of  Mines  Quarterly  for  Oc- 
tober, 1887. 


MECHANICAL    SCIENCE    AND    ENGINEERIKO.  167 

quired  to  produce  the  motion  are  included  in  tlie  analysis  and  an  exact  so- 
lution of  the  problem  obtained,  whatever  the  shape  of  the  connecting  rod 
may  be,  provided  its  centre  of  gravity  is  on  the  line  joining  the  centre  of 
the  crank  and  cross  head  pins. 
The  forces  required  to  produce  acceleration  are 

F=  Mr'B  (cosg-hZ). 

T2=  —  niT^i?  5  ?lil^'  I  sin  0. 

P,  =  mr'B  I  —j^  cose-h- ^,  Z 

Pi   =  mr^B  )  —cos  e  H » Z  \ 

y.  n  11  J 

In  which 

F  =  force  required  to  produce  acceleration  of  piston,  piston  rod  and 
cross  head. 

T;  =  vertical  component  of  accelerating  force  at  cross-head  end  of  con- 
necting rod. 

Ti  =  vertical  component  of  accelerating  force  at  crank-pin  end  of  con- 
necting rod. 

Pi  =  horizontal  component  of  accelerating  force  at  cross-head  end  of 
connecting  rod. 

Pi  =  horizontal  component  of  accelerating  force  at  crank-pin  end  of 
connecting  rod. 

M  =  mass«of  piston,  piston  rod  and  cross  head. 

«»  =  mass  of  connecting  rod. 

r  =  angular  velocity  of  crank. 

B  =  radius  of  crank. 

nB  =  length  of  connecting  rod. 

IB  =  distance  from  cross-head  end  of  connecting  rod  to  its  centre  of 
gravity. 

KB  ==  principal  radius  of  gyration. 

9  =  crank  angle. 

2 n*cos*9  —  n^siti's  -f-  sin*e 

(n*  —  gin^eyi 

The  above  equations  are  subject  to  the  following  conditions. 

1.  That  the  crank  maintains  a  uniform  angular  velocity. 

2.  That  the  cross-bead  pin  and  crank  shaft  are  on  the  centre  line  of  the 
piston  produced. 

8.  That  the  centre  of  gravity  of  the  connecting  rod  Is  on  a  line  passing 
through  the  centres  of  the  cross  head  and  crank  pins. 

The  equations  given  have  been  deduced  by  three  methods,  each  being 
used  as  a  check  upon  the  others,  viz. : — 

1.  By  conceiving  the  mass  of  the  rod  divided  into  two  equal  masses, 
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concentrated  at  distances  equal  to  the  principal  radius  of  gyration  on  either 
side  of  the  centre  of  gravity  and  determining  the  forces  necessary  to  pro- 
duce the  required  movement  of  the  rod  without  separating  the  rotative 
from  the  translative  forces. 

2.  By  considering  the  entire  mass  of  rod  concentrated  at  centre  of  grav- 
ity of  latter  to  determine  translative  forces  and  then  combining  the  result 
with  the  couple  required  to  produce  rotation  of  rod  considered  as  a  com- 
pound body  about  centre  of  gravity. 

3.  By  combining  translative  and  rotative  forces  determined  under 
assumption  that  connecting  rod  rotates  about  the  wrist-pin.' 

These  equations  become  identical  with  those  given  by  Prof.  S.  W.  Kob- 
inson  in  his  article  on  Counterbalancing  of  Engines,  Trans.  A.  S.  of  Mech. 
Eng.,  1881,  and  by  Prof.  Marks  as  reported  in  Journal  of  Franklin  Insti- 
tute, 1879,  if  the  special  assumptions  are  made  that  these  writers  have  in- 
troduced regarding  distribution  of  weights  and  simplicity  of  form.  The 
equations  herein  offered  may  be  applied  to  any  shape  of  rod  or  any  distri- 
bution of  weight  beyond  the  crank  and  wrist  pin  by  determining  radius  of 
gyration  of  the  rod. 

In  the  first  practical  case  considered  herein  the  radius  of  gyration  was 
determined  both  by  experiment  and  by  calculation.  The  method  of  cal- 
culating by  measurements  consisted  in  considering  the  rod  to  be  divided 
into  sections  at  right  angles  to  its  centre  line,  finding  weight  of  each  of 
these  sections,  centre  of  gravity  of  the  whole  rod  and  finally  the  radius  of 
gyration.  Forty-five  sections  were  taken  in  the  rod.  The  results  obtained 
by  experiment  and  by  calculation  are  as  follows  : — 

By  exp't.  Calcu'd. 
Distance  of  centre  of  gravity  from  cross  head  pin,  .  .  23.12"  23.09" 
Principal  radius  of  gyration 15.0"  14.09" 

The  figures  show  that  the  radius  of  gyration  can  be  obtained  with 
abundant  accuracy  from  calculations  based  upon  a  limited  number  of 
measurements  of  the  rod  or  from  a  drawing  of  the  same.  Therefore  for 
the  second  and  third  practical  cases  to  which  these  formulae  are  applied, 
the  results  of  which  are  given  below,  the  radius  of  gyration  was  calcu- 
lated from  dimensions  obtained  from  drawings  of  the  rods,  the  sections 
being  taken  in  a  similar  manner  to  that  employed  in  the  first  case  just 
described. 

The  three  cases  to  which  the  equations  are  applied  are  representative  of 
the  three  practical  types  of  engines  in  most  common  use,  viz. : — 

1.  High  speed  engine  of  small  power,  New  York  Safety  Steam  Power 
Go's  Horizontal  Engine,  10"  X  12".     300  revolutions  per  minute. 

2.  Locomotive  Passenger  Engine,  Class  P,  Pa.  R.  R.  Co.  Revolutions 
taken  at  250  per  minute. 

»  The  first  and  second  of  these  metliods  are  considered  the  most  satisfactory,  as  by 
them  centrifugal  force,  due  to  rotation  of  rod,  is  eliminated  and  the  simplest  analysis 
hereby  obtained.  The  third  method  is  that  followed  by  Mr.  F.  E.  Jaciison,  Journ. 
Frank.  Inst.,  Sept.  1886,  to  determine  some  of  the  forces  given  herein. 
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3.  Slow  speed  Engine,  Corliss  Engine,  26^'  X  60".  60  revolutions  per 
minute. 

The  results  are  contrasted  in  the  accompanying  table  with  figures  ob- 
tained by  the  approximate  methods  set  forth  in  the  admirable  treatise  of 
C.  T.  Porter  on  this  subject  in  which  the  lateral  accelerating  forces  of  the 
connecting  rod  are  entirely  neglected. 


00    . 

Maximum  Pkessure  on 
Ckank  Pin. 

AE 
fpds. 

CUISS  OF  ENOINE. 

1 

2 

3 

4 

5 

6 

«!!, 

Exact. 

Approx- 
imate. 

Differ- 
ence. 

Exact. 

Approx- 
imate. 

Differ- 
ence. 

Horizontal  10"  X 12" 

300 

68.1 

67.2 

1.65< 

.188 

.170 

6.3* 

Locomotive  18i"  X  24" 

250 

64.7 

53.6 

2.0* 

.158 

.150 

5.1* 

Corliss  26J"X  60" 

60 

76.1 

75.2 

1.2* 

.145 

.136 

6.2* 

Columns  1  and  2  contain  values  of  maximum  pressure  to  which  the 
crank  pin  is  subjected  in  pounds  per  square  iuch  of  piston  area.  Columns 
4  and  5  contain  the  ratio  of  the  periodical  excess  or  deficiency  of  energy 

aE 


to  the  whole  energy  exerted  per  revolution  which  is  equivalent  to 


fpds 


inRanliine's  equations  for  size  of  fly  wheels.^ 

Indicator  cards  of  the  engine  were  used  in  order  to  obtain  pressure  of 
steam  on  the  piston. 

An  inspection  of  the  difference  given  in  columns  3  and  6  will  show  that 

A  W 

for  obtaining  the  ratio and  the  maximum  pressure  on  crank  pin, 

fpds 

Porter's  method  will  give  as  accurate  results  as  are  required  for  any  prac- 
tical use.  If,  however,  the  proper  size  of  counterweight  is  to  be  deter- 
mined, the  exact  formulae  may  be  required.  It  is  the  purpose  of  the  writer 
to  discuss  the  counterweight  in  a  succeeding  paper. 


Mechanical  inspections  of  railway  tkacks  and  results  obtained. 
By  P.  H.  Dudley,  New  York,  N.  Y. 

[ABSTRACT.] 

The  diagrams  of  mechanical  inspections  of  railway  tracks  to  be  of  much 
value  must  be  taken  with  instruments  giving  positive  results,  which  can 
be  repeated  at  stated  Intervals  for  comparisons.  Studying  such  diagrams 
of  various  railroad  tracks,  it  was  ascertained  that  the  rails  had  quite  defl> 


*  Bankine's  Steam  Engine,  page  60. 
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nite  forms  of  permanent  set  in  regard  to  their  vertical  bends,  which  until 
recently  could  be  classified  under  three  principal  primary  forms,  viz. :  The 
first,  second  and  third.  The  first  form  includes  those  rails  low  at  the 
joints  and  high  in  the  centre.  The  second  form,  those  rails  low  at  the 
joints  and  centre  but  high  at  the  quarters.  The  third  form  includes  those 
rails  having  a  series  of  short  irregular  bends.  The  first  and  second  forms 
are  acquired  in  service,  though  the  higher  standard  of  track  maintained, 
the  less  the  permanent  set  and  cost  of  transportation. 

On  trunk  lines,  the  track  in  best  condition,  the  second  form  of  perma- 
nent set  predominating,  the  cost  per  ton  mile  for  freight  is  about  four 
mills,  but  on  a  line  where  the  first  form  predominates,  the  cost  is  over  five 
mills.  The  third  form  is  principally  due  to  want  of  care  in  manufacture 
and  finish  of  the  rails,  at  the  mills.  The  difficulties  of  rolling  increase 
with  the  weight  and  section  of  the  present  heavy  rails.  So  far,  the  expe- 
rience with  them  is  that  the  loss  of  metal  per  ton,  passing  over  them,  is 
greater  than  with  the  light  rails,  but  the  cutting  of  the  ties  reduced,  and 
the  safety  and  stability  of  the  track  increased.  Connected  with  the  mech- 
anism for  taking  diagrams,  is  an  apparatus  for  ejecting  paint  on  the  rails, 
when  defiections  occur,  showing  the  trackmen  where  to  surface  the  rails. 

This  has  proven  of  so  much  benefit,  that  several  rofids  have  been  able 
to  I'educe  the  deflection  in  heavy  rails  to  less  than  one-eighth  of  an  inch 
in  eleven  feet  of  the  rails.  In  tracks  where  such  a  high  standard  is  main- 
tained, the  i-ails  of  good  steel  do  not  cut  out  or  wear  at  the  ends  but  little 
if  any  faster  than  on  the  entire  length  of  the  rail.  This  is  an  important 
matter,  for  under  a  lower  standard  of  track,  many  of  the  rails  have  been 
so  badly  cut  out  at  the  receiving  ends  as  to  require  taking  up  from  the 
track,  sawing  off  the  ends,  redrilling  and  relaying,  before  they  could  be 
brought  up  to  a  fair  surface.  The  indications  at  present  are  that  rails, 
having  a  good  surface  when  new,  can  be  maintained  in  nearly  uniform 
surface  their  entire  length,  for  many  years.  "With  the  increased  wheel 
load  cars  and  locomotives  the  section  of  the  rail  must  be  made  stiffer  and 
the  weight  of  the  rail  increased.  To  insure  proper  wear  the  width  of  the 
heads  of  the  rails  must  be  increased. 


An  improvkd  arrangement  of  Siemens'  platinum  pyrometer  for 
measurement  of  high  temperatures  by  the  variation  of  elec- 
TRICAL RESISTANCE.  By  J.  E.  Denton,  Stevens  Institute,  Hoboken, 
New  Jersey. 

[ABSTRACT.] 

The  paper  explains  an  arrangement  of  Siemens'  platinum  pyrometer 
in  which  the  wires,  leading  from  a  galvanometer  to  the  small  platinum 
wire  whose  resistance  is  to  be  measured,  are  protected  by  the  circulatioa 
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of  water  in  an  enveloping  tube  of  iron,  thus  permitting  the  apparatus  to 
remain  subjected  to  high  temperatures  for  any  desired  length  of  time. 
The  apparatus  provides  a  means  whereby  a  shield  of  asbestos  can  be  used 
to  eliminate  the  effect  of  direct  radiation  from  the  fuel,  thereby  enabling 
tiie  heating  effect  of  tlie  gaseous  products  of  combustion  to  be  determined 
separately.  Attention  is  called  to  the  fact  that  recent  investigations  to 
determine  the  relation  between  the  temperature  and  electrical  resistance 
of  platinum,  by  Mr.  Callender  of  Cambridge  University,  Engl^nd  (Pro- 
ceedings Roy.  Soc,  1886)  confirm  the  formula  given  by  Siemens  in  his 
original  memoirs  upon  the  subject.  IFot  full  paper  see  "  Electrical 
World."] 


On   THK  TUKORETICAL  EFFKCT   of  KUKORS  of   observation   in    CALORIM- 
ETER   FOR    DETERMINING     THE    LATENT    HEAT    OF    STEAM.        By    J.    E. 

Denton,  Stevens  Institute,  Hoboken,  N.  J. 

[AB8THACT.>J 

The  paper  presents  the  results  of  simultaneous  measurements  of  the 
total  heat  of  steam,  with  an  open  barrel  calorimeter  and  condensing  worm 
calorimeter,  respectively,  showing  thereby  that  successive  determinations 
with  the  former  instrument  differed  far  more  widely  from  each  other  than 
was  the  case  with  the  condensing  worm.  A  theoretical  discussion  and 
calculation  of  the  maximum  and  probable  errors  of  each  instrument  showed 
that  this  irregular  behavior  on  the  part  of  the  barrel  could  not  be  attrib- 
uted to  observational  error.  The  hypothesis  was  therefore  advanced  that 
the  steam  rushing  into  the  barrel  sometimes  parted  witli  its  heat  by  bub- 
bles of  vapor  rising  in  a  finely  divided  state  to  the  surface  of  the  condens- 
ing water,  and  giving  off  latent  heat  to  the  atmosphere,  the  agitation  of 
the  water  causing  such  action  to  escape  the  attention  of  visual  observa- 
tion. 

Regnault's  apparatus  for  determining  the  latent  heat  of  steam,  whose 
results  are  universally  used  as  a  standard,  was  exhibited  by  diagram  and 
its  theoretical  error  shown  to  be  less  than  any  form  of  calorimeter  used 
In  practice.  The  use  of  a  condensing  worm  form  of  calorimeter  was  urged 
as  the  only  reliable  form  of  apparatus  and  the  continuous  form  of  instru- 
ment as  designed  by  Mr.  C.  H.  Barrus  was  recommended  as  the  best  yet 
proposed. 

*  For  full  paper  ace  "  American  Engineer." 
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The  question  of  Isthmian  transit.    By  Commander  H.  C.  Taylor, 

U.  S.  Navy,  Poughkeepsie,  N.  Y. 

[abstract.i] 

Reference  to  the  three  routes  considered,  Nicaragua,  Tehuantepec  and 
Panama. 

Brief  description  of  Panama  canal  and  its  present  condition ;   work 
done,  debt  incurred. 

Proposed  plan  of  ship  railway  across  Tehuantepec,  brief  description. 

Advantages  of  Nicaragua  discussed. 

Development  of  Central  America. 

Establishment  of  industries. 

The  international  question. 

Neutrality  of  the  canal. 

Possible  aggression  of  powerful  maritime  nations. 

The  relation  of  the  United  States  to  the  canal  in  the  future. 


The  engineering  features  of  the  Nicaragua  canal.     By  Civil  Engi- 
neer R.  E.  Peary,  U.  S.  N.,  Washington,  D.  C. 

[ABSTKACT.] 

The  Nicaragua  Canal  is  known  by  name,  probably,  to  ninety-nine  out 
of  every  hundred  persons  in  this  country;  but  the  revised  route,  the  en- 
larged capacity  and  the  new  features  presented  as  the  result  of  the  last 
survey,  made  two  years  ago  by  the  United  States  government  expedition 
in  charge  of  Civil  Engineer  Menocal,  United  States  Navy,  are  not  so  well 
known  and  of  them  I  will  speak.  The  distance  from  ocean  to  ocean  by 
the  proposed  route  is  169.8  miles.  Of  this  distance,  however,  only  40.3 
miles  are  actual  canal,  the  other  129.6  miles  being  free  navigation  tlirough 
Lake  Nicaragua,  the  Rio  San  Juan  and  the  valley  of  the  San  Francisco. 
Beginning  at  the  port  of  Brito  on  the  Pacific  side,  the  canal  ascends  the 
valley  of  the  Rio  Grande  by  four  locks,  and  cutting  through  the  low  "  di- 
vide" enters  Lake  Nicaragua  17.27  miles  from  Brito  at  an  elevation  of 
110  feet  above  the  sea.  The  route  then  extends  across  the  lake,  which  is 
40  miles  wide  and  over  90  miles  long,  to  its  outlet  into  the  Rio  San  Juan, 
a  distance  of  56^  miles.  Then  down  the  broad  deep  reaches  of  the  ma- 
jestic San  Juan  to  the  dam,  64  miles  from  the  lake.  This  dam,  1,255  feet 
long  and  52  feet  high,  backs  the  water  of  the  river  the  entire  distance  to 

>  This  and  the  three  following  papers  will  be  printed  in  full  and  can  he  had  from  the 
authors. 

(174) 
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the  lake  and  makes  It  simply  an  extension  of  the  lake.  On  the  north 
bank  of  the  river  just  above  the  dam  a  short  section  of  canal,  less  than 
two  miles  long,  cuts  through  the  hills  into  the  Y-shaped  valley  of  the  Rio 
San  Francisco  lying  north  of  the  San  Juan  and  separated  from  it  by  a 
range  of  hills.  An  embankment  6,500  feet  long  and  51  feet  high  in  the 
centre,  built  across  the  stem  of  the  Y,  floods  this  valley  to  the  level  of 
the  water  above  the  dam  and  makes  about  ten  miles  of  lake  navigation. 
At  the  eastern  end  of  this  lake  commences  the  eastern  division  of  this 
canal  and  pierces  the  "  divide"  by  a  cut  14,200  feet  long  and  averaging 
149  feet  in  depth.  At  the  eastern  end  of  this  cut  is  the  upper  lock  of  the 
Atlantic  flight.  From  here  the  canal  descends  the  valley  of  the  Deseado 
by  three  locks  to  the  sea  level  and  stretches  across  the  lagoon  region 
back  of  Greytown  to  the  harbor  eleven  and  one-half  miles  distant.  From 
the  last  lock  to  Greytown,  the  same  as  at  Brito  on  the  west  side,  the 
canal  is  enlarged,  forming  an  extension  of  the  harbor  eleven  and  one-half 
miles  inland.  The  lake  and  river  must  form  a  part  of  any  and  every  ca- 
nal route  through  Nicaragua,  and  the  location  as  a  whole  is  the  result  of 
Civil  Engineer  Menocal's  complete  and  exhaustive  personal  knowledge  of 
the  entire  country  from  ocean  to  ocean,  gained  in  the  course  of  eight  dif- 
ferent surveys  extending  over  a  period  of  fifteen  years  and  supplemented 
by  a  conscientious  study  of  all  that  has  been  done  by  others  in  that  region. 

Of  the  40.3  miles  of  actual  canal,  about  twenty-seven  miles  will  be  ex- 
cavation pure  and  simple,  while  the  remaining  thirteen  miles  will  be  largely 
If  not  entirely  excavated  by  dredges.  With  the  convenient  dumping  ground 
for  earth  excavated,  with  a  large  portion  of  the  rock  from  the  summit  cut 
ntilized  close  at  hand  in  the  construction  of  the  locks,  the  dam  across  the 
Rio  Grande,  and  in  pitching  the  slopes  of  the  canal,  and  a  still  larger  quan- 
tity to  be  consumed  in  the  construction  of  the  breakwaters  at  Brito,  the 
work  in  this  section  admits  of  the  most  economical  execution.  The  "  di- 
vide "  cut  from  the  basin  of  the  San  Francisco  to  the  upper  lock,  14,200 
feet  in  length  and  with  an  average  depth  of  149  feet,  is,  it  is  admitted,  a 
very  serious  job,  but  with  the  neighboring  streams  oflering  water  at  a  high 
head  for  removing  the  surface  earth  by  hydraulic  mining,  with  a  large 
plant  of  power  drills  worked  by  compressed  air,  from  the  same  source,  and 
the  use  of  modern  explosives  to  remove  the  rock,  with  a  large  proportion 
of  the  excavated  rock  to  be  used  in  the  construction  of  the  locks  and  the 
dam,  and  in  pitching  the  slopes  of  the  canal;  and  a  still  larger  quatjtity 
utilized  in  the  construction  of  the  harbor  at  Greytown;  with  the  laborers 
above  the  miasma  and  mosquitoes  of  the  swamp  and  exposed  to  the  pure 
breath  of  the  "  trades  "  the  work  can  be  done  without  serious  difficulty. 

There  are  two  features  of  this  project  which  to  many  who  have  not  made 
such  structures  a  study  cause  a  question  of  safety  to  arise ;  one  Is  the  dam, 
which  at  one  stroke  gives  us  sixty-four  miles  of  river  navigation,  and  the 
other  is  the  embankment,  which  at  a  second  stroke  gives  us  over  eight 
miles  of  lake  navigation  and  completely  solves  for  that  portion  of  the  canal 
from  the  dam  to  the  "  divide"  (thirteen  miles)  the  important  problem  of 
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protection  from  surface  drainage,  but  neitlier  of  tliera  is  anything  more 
tlian  "  small  potatoes  "  when  compared  witli  many  others  scattered  about 
the  world  and  serving  much  less  important  purposes  than  those  under 
consideration,  and  beside  the  Quaker  bridge  dam  they  are  pigmies.  Eight 
here  at  the  Croton  reservoir  is  a  dam  which  is  to-day  standing  twice  the 
strain  that  either  of  them  will  ever  be  called  upon  to  resist.  The  locks  are 
magnificent  structures  of  concrete  650  feet  long,  80  feet  wide,  and  30  feet 
deep,  capable  of  containing  any  merchant  vessel  afloat,  except  the  Great 
Eastern  and  possibly  the  City  of  Borne.  The  necessary  machinery  for  mov- 
ing the  locks  and  culvert  gates,  for  hauling  the  ships  in  and  out  of  the 
locks,  for  electric  lights  and  other  purposes  will  be  worked  by  hydraulic 
power  furnished  by  the  locks  themselves. 

In  regard  to  the  general  question  of  locks  the  late  Colonel  John  C.  Ste- 
vens, for  many  years  president  and  chief  engineer  of  the  New  Jersey  Rail- 
road and  Canal  Company,  and  justly  regarded  as  the  most  eminent  canal 
engineer  in  this  country,  said  in  an  article  published  in  the  American  En- 
gineer of  Jan.  30,  1885 : 

"  Locks  are  absolute  sources  of  safety.  A  sea-level  canal  being  sunk 
below  the  level  of  the  surrounding  country  thereby  becomes  a  drain,  and 
is  necessarily  subject  to  all  the  risks  from  water  that  such  a  location  en- 
tails, however  skilfully  the  plans  may  be  designed  and  the  earthworks  con- 
structed. Unknown  and  uncertain  risks  must  be  assumed  and  the  chances 
taken  thereon.  The  precise  amount  of  these  vpill  vary,  but  under  the  best 
conditions  they  may  be  appreciable,  while  under  those  that  are  unfavor- 
able they  will  be  such  as  to  seriously  impair  the  value  of  the  work  as  a 
reliable  channel  of  trade.  The  adoption  of  the  lock  system  raises  the 
canal  above  the  ordinary  drainage,  and  thus  materially  lessens  the  dan- 
gers which  arise  from  that  insidious  enemy,  water;  and  if  the  canal  is  well 
located  they  can  generally  be  entirely  removed." 

And  the  same  distinguished  Ashbel  Welch,  to  whom  Colonel  Stevens  re- 
fers, says  :  "  An  artificial  strait,  a  water  course  without  impediment  and 
all  such  phrases  have  a  magnificent  ring,  but  to  spend  millions  of  dollars 
for  an  idea  or  to  satisfy  an  unreasoning  or  an  uninformed  public  opinion 
is  bad  engineering.  That  is  the  best  engineering,  not  which  makes  the 
most  splendid,  or  even  the  most  perfect  work,  but  that  which  makes  a 
work  that  answers  the  purpose  well  at  the  least  cost.  The  demand  of  the 
public  for  a  canal  without  locks  reminds  one  of  Charles  Lamb's  youthful 
Chinaman,  who  for  want  of  knowing  any  cheaper  way  burned  down  his 
house  to  roast  his  pig."  Again,  "  as  for  accidents,  there  is  less  danger 
with  suitable  appliances  than  on  any  other  1,000  feet  in  the  canal,  for  ves- 
sels are  under  more  perfect  control."  Stephenson,  the  celebrated  English 
engineer,  says  :  "  It  is  a  curious  fact  illustrative  of  the  strength  of  preju- 
dice that  when  Whitworth  proposed  to  form  a  lock  at  Leith  in  1786  it  met 
with  strong  opposition  on  the  ground  of  its  being  dangerous  to  shipping." 
And  he  adds,  "such  an  objection,  it  is  almost  needless  to  add,  is  never 
now  heard  of." 
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To-day  not  a  vessel  discharges  at  Liverpool  or  Havre  that  does  not  pass 
through  the  dock  gates,  which  is  equally  or  more  difficult  than  entering  a 
lock,  and  I  could  fill  a  page  with  a  list  of  French  and  English  ports  at 
which  every  vessel  must  pass  through  two  locks  before  she  can  reach  the 
quay  to  discharge.  Much  has  been  said  about  the  harbors  at  the  termini 
of  the  Nicaragua  route,  but  neither  time  nor  space  will  permit  me  to  enter 
into  the  discussion  here.  It  may  be  said,  however,  that  there  is  no  prac- 
tical route  for  a  canal  across  the  American  Isthmus  that  has  good  harbors, 
and  it  is  believed  that  those  at  the  termini  of  the  Nicaragua  canal  can  be 
made  first  class  at  less  cost  than  those  of  any  other  route.  There  is 
nothing  more  difficult  in  the  improvement  of  Brito  Harbor  than  has  been 
successfully  accomplished  at  numerous  Fi-ench  and  English  breakwater 
protected  ports  and  harbors,  and  the  maintenance  of  the  harbor  of  Grey- 
town  will  be  a  much  less  serious  job  than  is  the  maintenance  of  the  Port 
Said  entrance  of  Suez,  with  the  enormous  silt  discharge  of  the  Nile  driven 
across  its  mouth  by  strong  littoral  currents. 

Lake  Nicaragua  has  a  surface  area  of  some  2,000  square  miles  and  a 
drainage  area  of  not  less  than  8,000  square  miles,  and  the  Rio  San  Juan, 
its  only  outlet,  discharges  at  its  lowest  stage,  near  the  close  of  the  dry 
season,  eight  times  the  maximum  supply  required  by  the  locks.  An  inex- 
haustible supply  of  the  best  building  material,  such  as  lime,  natural  ce- 
ment, stone  and  timber,  can  be  obtained  on  the  line  of  the  canal,  and  with 
an  abundance  of  palm  leaves  for  thatching,  such  temporary  buildings  as 
are  required  for  the  accommodation  of  the  working  force  and  the  protec- 
tion of  property  can  be  constructed  at  little  more  expense  than  that  of 
handling  the  material. 

At  Suez  the  traffic  has  been  seriously  delayed  by  the  dimensions  of  the 
canal  and  the  hiadcquate  number  of  the  turnouts.  In  the  present  project, 
not  only  have  enlarged  prisms  been  provided  for,  but  large  basins  are 
proposed  at  the  extremities  of  tlie  locks.  These  basins,  the  enlargement 
of  the  canal  at  each  end,  with  the  lake,  the  river,  and  the  San  Francisco 
basin,  will  permit  vessels  to  pass  each  other  without  delay  at  almost  every 
point  on  the  route.  In  22.37  miles,  or  57  percent,  of  the  canal  in  excavation 
the  prism  is  large  enough  for  vessels  in  transit  to  pass  each  other,  and  of 
a  sectional  area  in  excess  of  the  maximum  area  in  the  Suez  Canal;  the 
remaining  distance  in  which  large  vessels  cannot  conveniently  pass  each 
other  Is  so  divided  that  the  longest  is  only  3.67  miles  in  length ;  that,  with 
two  exceptions,  those  short  reaches  of  narrow  canal  are  situated  between 
the  locks  and  can  be  traversed  by  any  vessel  in  less  time  than  is  estimated 
for  the  passage  of  a  lock;  consequently,  unless  a  double  system  of  locks 
be  constructed,  nothing  will  be  gained  by  an  enlargement  of  the  prisms. 
In  the  lake  and  in  the  largest  portion  of  the  San  Juan  River  vessels  can 
travel  almost  as  fast  as  at  sea.  In  some  sections  of  the  river,  and  possi- 
bly in  the  basin  of  the  San  Francisco,  although  the  channel  is  at  all  points 
deep  and  of  considerable  width,  the  speed  may  be  somewhat  checked  by 
reason  of  the  curves. 
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ESTIMATED  TIME  OF  THROUGH  TRANSIT  BT  STEAMER. 

H.    M. 

38.98  miles  of  canal,  at  5  miles  an  hour 7  48 

8.51  miles  in  the  San  Francisco  basin,  7  miles  an  hour  .     ...  1  14 

64.54  miles  in  San  Juan  River,  at  8  miles  an  hour 8  4 

56.50  miles  in  the  lake  at  10  miles  an  hour 5  39 

Time  allowed  for  passing  seven  locks,  at  45  minutes  each  ...  5  15 

Allow  for  detention  in  narrow  cuts,  etc 2  00 

Total  time 30    00 

The  experience  of  the  Suez  Canal  shows  that  the  actual  time  of  transit 
is  more  likely  to  fall  under  than  to  exceed  the  above  estimate.  The 
traffic  of  the  canal  is  limited  by  the  time  required  to  pass  a  loclv,  and  on 
the  basis  of  forty-five  minutes  (above  estimated),  and  allowing  but  one 
vessel  to  each  lockage,  the  number  of  vessels  that  can  pass  through  the 
canal  in  one  day  will  be  32,  or,  in  one  year,  11,680,  which,  at  the  average 
net  tonnage  of  vessels  passing  the  Suez  Canal,  will  give  an  annual  traffic 
of  20,440,000  tons.  This  is  on  the  basis  that  the  navigation  will  not  be 
stopped  during  the  night.  The  estimate  of  the  total  cost  of  the  canal  is 
$64,043,699,  which  sum  includes  twenty-flve  per  cent  for  surveys,  hospi- 
tals, etc.,  and  contingencies.  The  completion  of  the  canal  will  require 
six  years,  one  for  final  location  and  five  for  active  work  of  construction, 
and  the  probable  traffic  for  1892,  the  possible  date  of  completion  of  Ni- 
caragua Canal,  6,506,214  tons. 

If  there  is  any  lesson  or  meaning  in  the  history  of  the  past  twenty 
years ;  if  what  has  been  is  of  the  slightest  value  as  a  criterion  of  what 
will  be,  then  in  ten  years  or  less  after  the  completion  of  the  Nicaragua 
Canal  it  will  have  to  be  double  tracked ;  that  is,  the  locks  will  have  to 
be  duplicated  and  some  sections  of  the  canal  widened,  and  then  its  capac- 
ity will  be  unlimited.  The  lake,  the  river  and  the  basin  of  the  San  Fran- 
cisco can  already  pass  the  commerce  of  the  world. 

The  canal  route  which  I  have  had  the  honor  to  describe  does  not  con- 
tain a  doubtful  or  involved  problem  or  one  which  has  not  been  already 
solved  by  engineers.  There  is  not  a  detail  of  the  work  which,  if  intelli- 
gently designed  and  properly  constructed,  will  not  be  as  free  from  danger 
as  any  work  of  human  hands  can  be. 

The  features  of  the  canal  are  bold,  but  they  are  bold  without  foolhard- 
iness,  bold  with  the  confidence  born  of  intimate  knowledge  of  the  coun- 
try and  the  possession  of  engineering  level-headedness.  For  centuries 
the  exquisite,  fragrant  breath  of  the  "  trades"  has  swept  across  the  lake, 
bearing  whispers  of  its  beauty  over  the  narrow  "divide"  to  the  Pacific; 
for  centuries  the  blue  waves  of  the  lake  have  heard  the  murmur  of  the 
Pacific  surf  and  dashed  themselves  upon  the  shore  in  vain  attempts  to 
force  the  hand-breadth  barrier.  For  centuries  the  crafts  of  men  have 
toiled  thousands  of  miles  to  gain  a  dozen ;  but  to-day  the  impatient  com- 
merce of  the  world  cries,  "Rend  the  puny  barrier  and  let  me  through," 
and  our  own  imperial  Orient  and  Occident-facing  republic  answers,  "Rend 
the  puny  barriers  and  join  ray  coasts  in  one  unbroken  stretch  from  East- 
port  to  the  Straits  of  Fuca." 
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Climatic  and  sanitary  notes  on  the  Nicaragua  canal  rotttb.    By  Dr. 
John  F.  Bransford,  U.  S.  N.,  Smithsonian  Institution,  Washington. 

[ABSTRACT.] 

Thr  backbone  of  the  continent,  leaving  Costa  Kica,  runs  northwest 
across  the  course  of  the  trade  wind.  The  section  under  consideration  is 
the  depression  in  the  ridge  between  the  mountains  of  Legovia,  four  thou- 
sand feet  high,  and  the  peaks  of  Costa  Rica,  over  eleven  thousand.  The 
bottom  of  the  depression  is  occupied  by  Lake  Nicaragua  and  the  Eio  San 
Juan.  The  axis  of  the  valley  is  nearly  east  and  west,  and,  lying  in  the 
belt  of  the  northeast  trades,  there  is  an  almost  constant  breeze  through 
this  gap  to  the  Pacific.  This  wind,  in  drying  and  ventilating  the  country 
and  lowering  temperature,  is  the  great  sanitary  agent. 

The  temperature  of  Nicaragua,  as  shown  by  the  records  of  Childs,  Lull, 
Flint  and  the  recorder  at  Granada,  is  very  uniform.  In  the  records  of  five 
years  the  maximum  is  93°,  and  65°  the  minimum. 

The  tropical  cloud-belt,  which  follows  the  sun  north,  is  late  reaching 
Nicaragua.  And  the  duration  of  the  wet  season  is  shorter  and  the  rain- 
fall less  than  in  more  southern  sections  of  Central  America.  In  the  rec- 
ords used  the  greatest  rainfall  was  97.70  inches  and  .35.98  the  lowest. 

Fortunately,  the  work  of  cutting  through  the  swamps  of  the  eastern 
section  will  be  done  by  machinerv,  requiring  few  white  men  to  be  ex- 
posed. The  heavy  cut  coming  next  is  through  hills,  affording  excellent 
sites  for  camps.  The  neighborhood  of  the  great  dam  has  similar  advan- 
tages. Wherever  good  camping  ground  is  not  convenient  on  the  river, 
parties  can  sleep  in  flat  boats  anchored  to  get  the  wind  over  a  stretch  of 
water.  Because  of  the  immense  surface  of  I  he  lake,  and  the  river  receiv- 
ing no  considerable  tributary  above  the  mouth  of  the  San  Carlos,  the  up- 
per San  Juan  is  not  subject  to  the  sudden  floods  that  leave  conditions 
favorable  for  malaria.  West  of  the  lake  the  conditions  are  as  favorable  as 
in  almost  any  country.  The  drainage  is  good ;  there  is  practically  no  rain 
for  six  months  of  the  year,  and  the  constant  breeze  at  this  season  has  lost 
its  moisture  on  the  Atlantic  slope.  The  nights  are  cool,  permitting  re- 
freshing sleep. 

Drinking  water  is  good  along  the  whole  route  of  the  canal.  The  culti- 
vated Pacific  slope  of  Central  America  will  furnish  fresh  provisions. 
From  the  pastures  of  Costa  Rica,  Chontales  and  Honduras  good  beef  will 
be  supplied,  and  everywhere  fruit  may  be  raised  without  limit.  The  abun- 
dant timber  will  make  inexpensive  houses  and  hospitals,  which  can  be  de- 
stroyed when  desirable.  The  cooperation  of  the  Nicaragua  government 
will  make  practicable  rigid  discipline  in  camp  police,  quarantiue,  etc. 

In  the  paper  are  an  abstract  of  the  medical  journal  of  the  surveying 
party  and  discussion  of  sites  and  sanitary  arrangements  for  camps,  hos- 
pitals, etc. 
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Notes  on  the  history  of  Nicaragua,  and  the  advantages  of  the 
lake  to  an  isthmian  canal,  showing  why  the  project  should 
BE  BEGUN  AT  ONCE.  By  J.  W.  MiLLER,  Pier  36,  N.  R.,  New  York, 
N.  y. 

[ABSTRACT.] 

I.  A  SHORT  history  of  the  various  schemes  for  connecting  the  two 
oceans  at  Nicaragua,  from  the  time  of  the  early  Spanish  settlement  to  the 
present  time. 

II.  Memoranda  obtained  by  the  author,  while  in  Nicaragua,  concerning 
the  geographical  fitness  of  the  route ;  also  notes  on  the  lalie  and  river  as 
gained  by  personal  observation. 

III.  Reason  why  the  time  is  now  ripe  for  the  enterprise  and  the  duty  of 
the  hour. 
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THE  WOBK  OF  THE  INTERNATIONAL  CONGRESS 
OF  GEOLOGISTS. 


Eleven  years  ago  the  Association  met  at  Buffalo.  It  was  the 
year  of  the  Centennial  Exhibition,  and  we  were  honored  by  the 
presence  of  a  number  of  European  geologists.  This  naturally 
opened  the  subject  of  the  international  relations  of  geology,  and 
the  proposition  to  institute  a  Congress  of  geologists  of  the  world 
took  form  in  the  appointment  by  the  Association  of  an  International 
Committee.  Tlie  project  thus  initiated  found  favor  elsewhere,  and 
there  resulted  an  international  organization,  which  up  to  the  pres- 
ent time  has  held  three  meetings.  It  convened  first  at  Paris  in 
1878,  then  at  Bologna  in  1881,  and  at  Berlin  in  1885.  Its  next 
meeting  will  be  held  in  London  next  j'ear,  and  an  endeavor  will  be 
made  to  secure  for  the  United  States  the  honor  of  the  fifth  meeting. 
The  original  committee  of  the  Association  has  been  continued,  with 
some  change  of  membership,  and  has  sent  representatives  to  each 
session  of  the  Congress. 

The  work  of  the  Congress  as  originally  conceived  and  as  subse- 
quently undertaken  has  for  its  scope  geologic  nomenclature  and 
classification,  and  the  conventions  of  geologic  maps.  The  partic- 
ular classifications  attempted  are  tlie  establishment  of  the  major 
divisions  used  in  historic  and  stratigraphic  geology  and  the  sub- 
division of  volcanic  rocks.  In  nomenclature  three  things  are  un- 
dertaken :  first  the  determination  of  the  names  of  historic  and  strati- 
graphic  divisions  ;  second  the  formulation  of  rules  for  nomenclature 
in  paleontology  and  mineralogy  ;  and  third,  the  establishment  and 
definition  of  the  taxonomic  terms  of  chronology  (period,  epoch, 
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etc.,)  and  of  stratigraphy  (system,  series,  etc.).  The  map  conven- 
tions most  discussed  are  colors,  but  all  signs  for  the  graphic  indi- 
cation of  geologic  data  are  considered.  The  Congress  has  also 
undertaken  the  preparation  of  a  large  map  of  Europe,  to  be  printed 
in  forty-nine  sheets. 

The  work  was  for  the  most  part  planned  at  the  Paris  meeting, 
and  committees  were  appointed  to  formulate  subjects  for  action  by 
the  Congress  at  subsequent  sessions.  Briefly  stated,  the  work  ac- 
complished to  the  present  time  is  as  follows  :  Agreement  has  been 
reached  as  to  the  rank  and  equivalence  of  the  taxonomic  terms  em- 
ploj'ed  in  chronology  and  stratigraphy,  a  set  of  rules  for  paleonto- 
logic  nomenclature  has  been  adopted,  and  many  sheets  of  the  map 
of  Europe  have  been  prepared  for  the  engraver.  A  partial  classi- 
fication of  stratified  rocks  has  been  agreed  to  and  also  a  partial 
scheme  of  map  colors,  but  the  reports  of  proceedings  indicate  that 
action  in  these  matters  is  tentative  rather  than  final. 

It  is  understood  that  both  of  these  subjects  will  have  prominent 
place  in  the  proceedings  at  the  London  meeting,  and  the  Ameri- 
can committee  is  endeavoring  to  prepare  itself  for  representative 
action  at  that  meeting  by  ascertaining  the  opinions  of  all  Ameri- 
can geologists  on  the  various  subjects.  It  has  asked  this  Section 
to  set  apart  a  day  for  the  discussion  of  some  of  the  more  important 
questions,  and  it  can  hardly  be  doubted  that  the  Section  will  rea- 
lize the  mutual  advantage  of  thus  assigning  the  time  requested.  I 
am  personally  so  impressed  with  the  importance  of  the  possible 
work  of  the  Congress  that  I  shall  devote  the  present  hour  also  to 
its  consideration. 

The  first  thing  the  Congress  did  was  to  select  names  for  a  set  of 
categories  to  express  the  taxonomic  rank  of  strutigraphic  divisions, 
on  the  one  hand,  and  of  chronologic  divisions  on  the  other.  In 
the  terminology  of  zoology  and  botany  the  words  kingdom,  class, 
order,  family,  genus,  species,  etc.,  however  difficult  of  definition  they 
may  severally  be,  nevertheless  are  used  always  in  the  same  order 
of  inclusion.  No  systematist  in  those  sciences  would  think  of  group- 
ing orders  together  and  calling  them  a  family,  or  of  styling  a  group 
of  families  a  genus.  But  in  geology  there  is  no  such  uniformity 
of  usage.  With  some  writers  a  group  is  larger  than  a  series,  with 
others  it  is  smaller.  With  some  an  age  includes  several  periods, 
with  others  a  period  includes  several  ages.  There  are  even  writers 
who  ignore  the  distinction  between  stratigraphy  and  chronology  ; 
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and  among  the  classifications  submitted  to  the  Congress  is  one  in 
which  an  age  is  subdivided  into  systems.  Tliere  is  a  manifest  ad- 
vantage in  bringing  order  out  of  this  chaos,  and  so  great  is  the 
utility  of  uniformit}^  and  perspicuity  that  the  decisions  of  the  Con- 
gress in  this  regard  will  unquestionably  be  followed  by  future  au- 
thors. The  terms  and  the  order  adopted  by  the  Congress  are  as 
follows :  Of  stratigraphic  divisions  that  with  the  highest  rank  is 
group,  then  system,  series  and  stage.  The  corresponding  chrono- 
logic divisions  are  e>-a,  period,  epoch  and  age.  This  order  of  rank 
is  strange  to  most  English  readers  and  writers,  and  so  is  one  of 
the  terms  —  stage  —  but  the  strangeness  is  only  a  temporary  dis- 
advantage and  will  not  seriousl}'  retard  the  adoption  of  the  conven- 
tion. The  fact  that  we  have  previously  used  the  words  in  a  different 
sense,  or  that  their  etymology  might  warrant  a  different  meaning, 
need  not  deter  us,  for  we  know  from  frequent  experience  that  the 
connotations  of  a  word  transferred  from  one  use  to  another  quickly 
disappear  from  consciousness,  leaving  it  purely  denotative.  The 
introduction  of  the  word  stage,  which  can  hardly  be  said  to  have 
had  an  English  status  heretofore,  or  at  least  the  introduction  of 
some  new  word  for  that  part  of  the  column,  was  necessitated  by 
the  restriction  of  the  word  formation  to  a  special  meaning,  —  the 
designation  of  mineral  masses  with  reference  to  their  origin. 

The  same  restriction  vacated  another  ofHce  that  had  been  filled 
by  formation,  and  to  this  ofHce  no  appointment  was  made.  I  refer 
to  the  use  of  the  word  to  denote  indefinitely  an  aggregate  of  strata 
— as  in  saying,  This  formation  should  be  called  a  series  rather  than 
a  system.  This  is  an  important  function,  for  wliich  some  provis- 
ion must  be  made.  I  suggest  that  we  may  advantageously  enrich 
our  language  by  the  permanent  adoption  of  terrane,  a  word  whose 
English  meaning  has  not  been  well  established. 

The  fixation  of  the  chronologic  terms  creates  a  similar  difl^culty. 
We  have  crystallized  out  of  our  magma  the  terms  era,  period,  epoch 
and  age,  and  there  remain  in  the  ground-mass  only  eon,  cycle  and 
time.  Of  these,  eon  has  a  poetic  connotation  which  seems  to  unfit 
it  for  this  particular  use ;  cycle  implies  repetition  or  recurrence ; 
and  time  has  been  so  generally  applied  to  unlimited  duration  that 
it  is  difficult  to  apply  it  al->o  to  limited  duration,  even  thougli  the 
nature  of  the  limitation  be  indefinite.  On  the  whole,  time  seems 
open  to  the  least  objection,  but  I  cannot  help  regretting  that 
either  period  or  age,  both  of  which  have  heretofore  passed  current 
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in  the  indefinite  sense,  was  not  reserved  by  the  Congress  for  that 
function.  With  English-speaking  peoples  the  word  eon  could  have 
ibeen  better  spared  for  the  definite  series. 

But  while  the  terms  selected  by  the  Congress  are  not  beyond  criti- 
cism, the  benefits  to  be  derived  from  an  agreement  in  an  orderly 
system  are  so  great  that  I  for  one  shall  unhesitatingly  adopt  them 
as  they  stand, —  provided,  of  course,  that  the  Congress  makes  no 
eflTort  to  improve  its  selection.  A  small  reform  of  this  nature  yields 
its  profit  to  this  as  well  as  future  generations,  and  I  hold  it  a  duty 
to  favor  even  those  reforms  which  involve  so  much  effort  and  pains 
that  their  blessings  cannot  be  realized  by  those  who  initiate  them. 
Such  are  the  exchange  of  our  English  spelling  for  a  rational  sys- 
tem, and  the  exchange  of  decimal  notation  in  arithmetic  for  a 
binary  notation.  My  application  of  the  new  nomenclature  begins 
with  this  address,  in  the  preparation  of  which  I  have  experienced  its 
utility.  That  you  may  have  no  difficulty  in  interpreting  my  re- 
formed language,  I  have  placed  the  taxonomic  legend  on  the  wall, 
with  the  addition  of  the  complementary  indefinite  terms,  terrane 
and  time. 


Group. 

Era. 

System. 

Period. 

<D 

Series. 

Epoch. 

Stage. 

Age. 

c^ 

There  are  propositions  before  the  Congress  to  distinguish  the 
names  of  individual  groups,  systems,  series  and  stages  by  means 
of  terminations,  those  of  the  same  rank  having  the  same  termina- 
tion. Thus  it  is  proposed  by  a  committee  that  every  name  of  a 
group  shall  end  in  ary.) — Tertiar}',  Primary,  Archeary  ;  it  is  pro- 
posed that  names  of  systems  end  in  ic, —  Cretacic,  Carbonic,  Silu- 
ric ;  it  is  proposed  that  names  of  series  end  in  ian, —  Eifelian, 
Laramian,  Trentonian  ;  and  it  is  proposed  tliat  stage  names  termi- 
nate with  in.  Another  committee  suggests  that  ic  be  used  for 
stages  instead  of  systems.  The  adoption  of  such  a  plan  would  en- 
able a  writer  or  speaker  to  indicate  the  taxonomic  rank  of  a  ter- 
rane without  adding  a  word  for  that  purpose.  If  he  regarded  a 
certain  terrane  taking  its  name  from  Cambria  as  a  system,  he  would 
call  it  the  Cambric ;  if  he  esteemed  it  only  a  series,  he  would  say 
Cambrian  ;  and  there  would  be  no  need  of  adding  the  word  system, 
or  series  in  order  to  express  his  full  meaning.  Conversely  the 
reader  or  hearer  would  always  learn  its  taxonomic  rank,  or  supposed 
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rank,  whenever  a  terrane  was  mentioned.  These  I  conceive  to  be 
the  advantages  derivable  from  the  change,  but  they  would  not  be 
the  only  effects.  It  would  become  impossible  for  a  geologist  to 
name  or  allude  to  a  terrane  without  declaring  its  rank,  and  the  con- 
sequences of  this  would  be  evil  in  many  waj's.  In  the  first  place 
one  could  not  discuss  terranes  from  any  point  of  view  without  ex- 
pressing an  opinion  as  to  their  taxonomy,  and  the  change  would  thus 
contravene  one  of  the  most  important  rights  of  opinion  —  namely, 
the  right  to  I'eserve  opinion.  Again,  geologists  who  differed  as  to 
the  rank  of  a  terrane  would  necessarily  terminate  its  title  differ- 
entlj',  and  a  needless  synonymy  would  thus  be  introduced.  In  the 
third  place  the  created  necessity  for  taxonomic  discrimination  on 
all  occasions  would  tend  to  direct  undue  attention  to  taxonomic 
problems.  Taxonomy  would  be  conceived  by  man}'  geologists  as 
an  end  instead  of  a  means,  just  as  correlation  has  been  conceived, 
and  energy  would  be  wasted  in  taxonomic  refinement  and  taxon- 
omic controversy.  It  is  convenient  for  purposes  of  description  and 
comparison  to  classify  the  strata  that  constitute  a  local  columnar 
section  in  phalanges  of  various  magnitude  or  rank,  but  the  criteria 
on  which  we  depend  for  discrimination  are  in  the  nature  of  things 
variable  and  offer  ground  for  endless  difference  of  opinion  ;  and  it 
would  be  extremely  unfortunate  to  have  such  differences  perpetually 
brought  to  the  foreground. 

Another  subject  considered  by  the  Congress  is  the  nomencla- 
ture of  paleontology.  A  committee  appointed  for  the  purpose 
formulated  rules  for  the  establishment  of  the  names  of  genera  and 
species,  and  their  report  was  adopted  by  the  Congress.  I  have  no 
opinion  to  express  as  to  the  wisdom  of  the  rules,  but  it  is  a  matter 
of  surprise  that  a  body  of  geologists  assumed  to  speak  with  au- 
thority on  the  subject.  From  one  point  of  view  paleontology  is 
a  part  of  geology ;  from  another  point  of  view  it  is  a  part  of  bi- 
ology. In  so  far  as  it  names  genera  and  species  it  is  purely  biologic, 
and  it  would  seem  proper  that  the  students  of  fossils  unite  with  the 
students  of  living  animals  and  living  plants  in  the  adoption  of  rules 
of  nomenclature. 

A  similar  remark  applies  to  the  nomenclature  of  mineralogy,  in 
regard  to  wliich  no  action  has  yet  been  taken.  The  most  intimate 
relations  of  systematic  mineralogy  are  with  chemistry. 

Yet  another  projected  work  of  the  Congress  is  the  classification 
of  eruptive  rocks.   Up  to  the  present  time  action  has  been  deferred, 
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and  it  may  reasonably  be  hoped  that  no  scheme  of  classification 
will  be  adopted.  If  there  existed  a  system  of  classification  which 
gave  general  satisfaction  and  had  stood  the  test  of  time,  there 
would  be  little  harm  (and  little  or  no  advantage)  in  giving  it  the 
official  stamp  of  approval.  If  the  main  features  of  a  classification 
were  well  established  and  the  residuary  discrepancies  were  recog- 
nized as  unessential,  it  is  conceivable  that  some  benefit  might  be 
derived  from  the  submission  of  the  matter  to  an  assembly  of  spe- 
cialists. But  the  actual  case  is  far  different.  Not  only  is  there 
wide  difference  as  to  the  classification  of  volcanic  rocks,  but  there 
is  no  agreement  as  to  the  fundamental  principles  on  which  their 
classification  should  be  based,  for  we  still  lack  an  accepted  theory 
of  volcanism.  At  the  same  time  observation  is  being  pushed  with 
great  vigor,  and  with  the  aid  of  new  and  important  methods.  With 
the  rapid  growth  of  knowledge  and  ideas  classifications  are  contin- 
ually remodelled,  and  the  best  is  in  danger  of  becoming  obsolete 
before  it  has  been  printed  and  circulated.  Should  the  Congress 
enter  the  lists,  one  of  two  things  would  occur.  Either  its  classifi- 
cation would  be  treated  like  that  of  an  individual  and  ignored  as 
soon  as  a  better  one  was  proposed,  or  it  would  be  regarded  as 
more  authoritative,  and  new  facts  would  for  a  time  be  warped  into 
adjustment  with  it.  In  either  case  the  reputation  of  the  Congress 
would  eventually  suffer,  and  in  one  case  science  would  suffer  also. 
There  remain  to  consider  the  two  most  important  undertakings 
of  the  Congress,  the  classification  of  terranes  and  the  unifica- 
tion of  map  colors.  The  Congress  is  attacking  these  subjects  in- 
directly by  means  of  a  third  undertaking,  the  preparation  of  a 
geologic  map  of  Europe,  and  this  method  of  approach  has  had  the 
effect  of  making  it  difficult  properly  to  interpret  its  action.  There 
can  be  no  doubt  that  those  who  originally  organized  the  work  con- 
templated the  enactment  of  a  stratigraphic  classification  to  be  ap- 
plied to  the  entire  earth  and  the  selection  of  a  color  scheme  for 
use  either  in  all  geologic  maps  or  in  all  general  geologic  maps. 
But  at  the  Berlin  session  the  committee  in  charge  of  work  on  the 
map  of  Europe  pressed  the  Congress  for  the  determination  of  ques- 
tions on  which  hung  the  completion  of  the  map,  and  many  hasty 
decisions  were  reached,  while  not  a  few  disputed  points  were  re- 
ferred to  the  map  committee.  The  debates  indicate  that  much  or 
all  of  this  work  was  provisional  or  of  merely  local  application,  but 
the  resolutions  adopted  show  little  qualification.  It  should  be  added 
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that  the  official  minutes  of  the  meeting  are  still  unpublished.  In 
view  of  the  uncertainty  thus  occasioned  I  shall  not  attempt  to 
characterize  the  attitude  of  the  Congress  on  the  subject  of  classi- 
fication, but  shall  merel}'  develop  my  individual  view. 

It  is  the  opinion  of  many  who  have  discussed  the  general  classi- 
fication of  terranes  by  convention  of  geologists  that  the  smallest 
unit  of  such  classification  should  be  the  stratigraphic  system.  What 
is  a  stratigraphic  system  ?  The  Congress  implies  a  definition  in 
saying  that  a  system  includes  more  than  a  series  and  less  than  a 
group,  and  that  the  Jurassic  is  a  system ;  but  this  gives  only  a 
meagre  conception  and  we  need  a  full  one.  As  the  problem  of 
classification  demands  a  true  conception  of  a  system,  and  as  there 
is  reason  to  believe  that  a  false  conception  is  abroad,  it  is  proper 
that  in  seeking  the  true  one  we  begin  with  the  elements. 

The  surface  of  the  land  is  constantly  degraded  by  erosion,  and 
the  material  removed  is  spread  on  the  floor  of  the  ocean,  forming 
a  deposit.  This  process  has  gone  on  from  the  dawn  of  geologic 
history,  but  the  positions  and  boundaries  of  land  and  ocean  have 
not  remained  the  same.  Crust  movements  have  caused  the  sub- 
mergence of  land,  and  the  emergence  of  ocean  bottom,  and  these 
movements  have  been  local  and  irregular,  districts  here  and  there 
going  up  while  other  districts  went  down.  The  emergence  of  ocean 
bottom  exposes  the  deposit  previously  made  on  it  and  subjects  it 
to  erosion.  In  this  way  every  part  of  the  known  surface  of  the 
globe  has  been  the  scene  of  successive  deposition  and  erosion,  and 
in  many  districts  the  alternations  of  process  have  been  numerous. 
It  is  manifestly  impossible  that  either  erosion  or  deposition  should 
have  ever  prevailed  universally,  and  it  has  been  established  by  the 
study  of  stratigraphic  breaks  that  a  time  of  erosion  has  often  in- 
terrupted deposition  in  one  region  while  deposition  was  uninter- 
rupted in  another. 

In  transportation  from  its  region  of  erosion  to  its  place  of  dep- 
osition detritus  is  assorted,  and  it  results  that  the  simultaneous 
deposits  on  the  bottom  of  an  ocean  are  not  everywhere  the  same. 
Equal  diversity  is  shown  in  the  ancient  deposits  constituting  geo- 
logic formations.  It  is  a  general  fact  that  synchronous  formations 
have  not  everywhere  the  same  constitution. 

Many  of  the  variations  in  deposits  are  correlated  with  depth  of 
water  and  distance  from  shore,  and  it  results  that  elevation  and 
subsidence  in  regions  of  continuous  deposition  produce  changes  in 
the  nature  of  the  local  deposit. 
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The  animals  and  plants  of  the  earth  are  not  universally  dis- 
tributed, but  are  grouped  in  provinces.  In  the  geologic  past  simi- 
lar provinces  existed,  but  their  boundaries  were  different,  shifting 
in  harmony  with  the  varying  geography  of  the  surface.  From 
time  to  time  the  barriers  separating  contiguous  provinces  have  been 
abolished,  suffering  them  to  coalesce  ;  and  conversely  new  barriers 
have  arisen,  creating  new  provinces.  From  the  earliest  paleozoic 
to  the  present  time  the  species  of  animals  and  plants  have  been 
progressively  modified,  the  nature  of  the  modification  depending 
on  local  conditions.  The  faunas  and  flor£\|S  of  different  provinces 
thus  become  different,  and  the  longer  the  provinces  remain  dis- 
tinct, the  greater  is  the  divergence  of  life.  The  removal  of  a  bar- 
rier either  produces  a  new  fauna  by  the  fusion  of  the  two  previously 
separated,  or  else  obliterates  one  and  extends  the  area  of  the  other. 
In  either  case  there  is  a  change  toward  the  unification  of  life,  and 
in  either  case  there  is  an  abrupt  change  in  a  local  fauna.  Thus  the 
secular  evolution  of  species,  combined  with  the  secular  and  kalei- 
doscopic revolution  of  land  areas,  leads  to  two  antagonistic  ten- 
dencies, one  toward  diversity  of  life  on  different  parts  of  the  globe, 
the  other  toward  its  uniformity.  The  tendency  toward  uniformity 
affords  the  basis  for  the  correlation  of  terranes  by  comparison 
of  fossils  ;  the  tendency  toward  diversity  limits  the  possibilities  of 
correlation. 

If  now  we  direct  attention  to  some  limited  area  and  study  its 
geology,  we  find  that  under  the  operation  of  these  general  proc- 
esses it  has  acquired  a  stratigraphic  constitution  of  a  complex 
nature.  Its  successive  terranes  are  varied  in  texture.  Breaks  in 
the  continuity  of  deposition  are  marked  by  unconformities.  The 
fossils  at  different  horizons  are  different,  and  when  they  are  exam- 
ined in  order  from  the  lowest  to  the  highest,  the  rate  of  change  is 
found  to  vary,  being  in  places  nearly  imperceptible  and  elsewhere 
abrupt.  It  is  by  means  of  such  features  as  these  —  that  is,  by 
lithologic  changes,  by  unconformities,  and  by  life  changes — that 
the  stratigraphic  column  is  classified  into  groups,  systems,  series 
and  stages.  A  system  is  a  great  terrane  separated  from  terranes 
above  and  below  by  great  unconformities,  or  great  life  breaks,  or 
both.  Smaller  unconformities,  smaller  life  changes,  and  lithologic 
changes  are  used  for  the  demarcation  of  series  and  stages  ;  and  on  the 
other  hand,  exceptionally  great  unconformities  and  life  breaks  are 
used  to  delimit  groups.  As  the  same  criteria  determine  groups, 
systems  and  series,  differing  only  in  degree,  the  precise  definition  of 
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the  term  system  is  impossible,  and  in  many  cases  the  gradation  of  a 
terrane  as  a  group,  a  system  or  a  series  is  largely  a  matter  of  con- 
venience. From  this  point  of  view  a  system  is  somewhat  artificial, 
but  there  is  a  more  important  sense  in  which  it  is  natural.  It  is 
limited  by  stratigraphic  or  paleontologic  breaks  above  and  below, 
and  these  breaks  are  natural.  The  taxonomist  is  not  warranted  in 
dividing  systems  where  no  such  break  exists. 

Transferring  now  our  attention  to  some  other  area,  distant  from 
the  first,  and  studying  its  stratigraphy,  we  find  that  the  same  prin- 
ciples enable  us  to  divide  it  independently  into  stages,  series,  S5'^8- 
tems  and  groups.  Its  fossils  are  not  the  same,  but  they  are  to  a 
certain  extent  similar,  and  the  sequence  of  life  is  approximately 
parallel.  We  cannot  compare  stage  with  stage,  nor  series  with 
series  perhaps,  but  we  can  compare  system  with  system,  and  mak- 
ing the  comparison  we  discover  that  the  breaks  are  at  different 
places.  While  one  area  was  upraised  and  subjected  for  a  time  to 
erosion,  the  other  received  continuous  deposition.  While  life  in 
one  area,  enjoying  constant  conditions,  was  almost  unchanged  for 
long  ages  and  even  epochs,  it  was  revolutionized  in  the  other  by 
the  irruption  across  some  obsolescent  barrier  of  strong  and  aggres- 
sive faunas  and  floras.  The  systems  of  one  area,  therefore,  do  not 
coincide  with  the  systems  of  the  other  in  their  beginning  and  end- 
ing. They  may  differ  in  number,  and  they  maj'  differ  greatly  in 
magnitude  and  in  the  duration  they  represent.  They  are  in  fact  a 
different  set  of  systems. 

The  case  I  have  described  is  ideal  but  not  false.  It  represents 
the  common  experience  of  those  who  have  developed  the  geologic 
histories  of  remote  districts  and  attempted  to  correlate  them  with 
the  geologic  history  of  Europe.  There  does  not  exist  a  world-wide 
system  nor  a  world-wide  group,  but  every  system  and  every  group 
is  local.  The  classification  developed  in  one  place  is  perfectly  ap- 
plicable only  there.  At  a  short  distance  away  some  of  its  beds 
disappear  and  others  are  introduced  ;  farther  on  its  stages  cannot 
be  recognized  ;  then  its  series  fail  and  finally  its  systems  and  its 
groups. 

If  I  have  properl}'  characterized  stratigraphic  systems  —  if  they 
are  both  natural  and  local  —  it  goes  without  saying  that  the  clas- 
sification of  the  strata  of  all  countries  in  a  dozen  or  so  systems,  as 
proposed  by  some  of  the  members  of  the  Congress,  is  impossible. 

1  hasten  to  add  that  from  the  point  of  view  of  these  gentlemen 
what  they  advocate  is  not  necessarily  impossible,  for  they  have  a 
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different  conception  of  a  system.  They  regard  it  not  as  local  but 
as  universal.  It  is  their  privilege  to  define  their  terms  as  they 
please,  and  we  will  not  dispute  about  mere  words,  but  I  cannot  too 
strongly  or  too  earnestly  insist  that  a  system  which  is  universal  is 
artificial.  It  may  be  natural  in  one  geologic  province,  but  it  is 
artificial  in  all  others.  Take  for  example  the  Jurassic.  It  is  a 
natural  system  in  Europe.  In  the  eastern  United  States  no  strata 
are  called  Jurassic  with  confidence,  and  at  the  west  the  rocks  called 
Jurassic  merge  with  those  called  Triassic.  In  India,  Medlicott 
tells  us,  a  Jurassic  fauna  occurs  at  the  summit  of  a  great  natural 
system  containing  a  Permian  fauna  near  its  base.  In  New  Zea- 
land, according  to  Hutton,  a  continuous  rock  system,  dissevered 
by  great  unconformities  from  other  systems,  bears  at  top  fossils 
resembling  those  of  the  lower  Jurassic  and  lower  down  fossils  of 
Triassic  facies.  To  establish  a  Jurassic  system  in  either  of  these 
countries  it  is  necessary  to  divide  a  natural  system,  and  a  Jurassic 
system  thus  established  would  be  necessarily  artificial. 

This  is  the  sort  of  classification  implied  by  the  assumption  that 
systems  are  world-wide.  It  is  not  impossible,  but  it  is  highly  unad- 
visable.  It  is  classification  for  the  sake  of  uniformity,  and  its  uni- 
formity is  Procrustean.  The  natural  systems  of  a  region  are  the 
logical  chapters  of  its  geologic  history.  If  you  group  its  strata 
artificially  according  to  the  natural  divisions  of  another  region,  5^ou 
mask  and  falsify  its  history.  The  geologic  history  of  the  earth 
has  as  great  local  diversity  as  its  human  history.  As  in  human 
history  there  are  interrelations  and  harmonies  and  a  universal  prog- 
ress, but  these  are  perceptible  only  in  the  general  view  ;  and  the  stu- 
dent whose  preconceptions  lead  him  to  exaggerate  the  harmonies 
and  ignore  the  discrepancies  perverts  the  meaning  of  every  page. 

I  prefer  therefore  my  own  definition  of  system,  making  it  natural 
and  consequently  local,  and  I  earnestly  oppose  any  attempt  to  co- 
erce the  geology  of  one  country  in  a  rigid  matrix  formed  over  and 
shaped  bj'  the  geology  of  another  country. 

The  ideas  I  oppose  have  arisen  in  connection  with  the  work  of 
correlation.  Some  geologists  appear  to  regard  correlation  as  the 
determination  in  distant  localities  of  identities ;  the  more  philo- 
sophic regard  it  as  the  determination  of  the  actual  relations,  whether 
they  be  of  identity  or  difference.  With  the  former  the  basis  of 
correlation  is  the  universality  of  geologic  systems  ;  with  the  latter 
it  may  be  sa-.d  to  be  the  universality  of  geologic  time. 

Now  iu  the  comparative  study  of  local  geologic  histories,  just  as 
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in  the  comparative  stiuij'-  of  local  human  histories,  it  is  a  matter  of 
convenience  to  have  a  common  scale  of  time.  It  is  not  essential,  but 
it  is  highly  convenient.  In  human  history  we  use  an  astronomic 
scale  of  equal  parts,  designating  each  unit  by  a  number.  In  geol- 
ogy no  scale  of  equal  parts  is  available,  and  we  employ  the  eras 
and  periods,  and  to  some  extent  the  epochs,  of  the  local  geologic 
history  first  deciphered  —  that  of  Europe.  These  time  divisions 
bear  the  same  names  as  the  groups,  systems  and  series  of  strata 
whose  deposition  occurred  within  them. 

So  far  as  the  science  of  geology  is  concerned  the  selection  of  Eu- 
rope as  its  first  field  of  study  was  a  matter  of  chance,  and  the  adop- 
tion of  the  European  time  scale  as  a  general  standard  may  therefore 
be  said  to  have  been  accidental.  Though  the  local  rock  scheme 
on  which  it  is  based  is  natural,  the  time  scale,  considered  as  uni- 
versal, is  arbitrary.  Another  locality  would  have  afforded  a  dif- 
ferent scale,  but  its  authority  would  neither  be  greater  nor  less. 
The  scale  being  recognized  as  arbitrary-,  and  a  mere  matter  of  con- 
venience, it  is  legitimate  to  modify  and  fix  it  by  formal  convention. 
The  Congress  can  do  good  service  to  geologic  technology  b}'  put- 
ting it  in  the  best  possible  shape  and  giving  it  an  official  status. 
In  my  judgment  only  a  small  number  of  divisions  should  be  ad- 
mitted, not  more  than  the  number  of  periods  of  the  European 
scheme.  In  a  general  way  the  durations  represented  by  the  coor- 
dinate divisions  should  be  as  nearly  equal  as  practicable,  but  a 
certain  concession  might  be  made  to  chronologic  perspective  on 
account  of  our  superior  opportunities  for  studying  the  later  history. 
Some  of  the  shorter  periods  might  perhaps  be  united  under  new 
names.  P^ach  line  of  division  between  periods  should  be  defined 
by  means  of  a  stratigraphic  plane  of  division,  and  this  can  be  done 
with  precision  if  a  locality  is  made  part  of  the  definition. 

Especially  should  pains  be  taken  to  declare  the  arbitrary  nature 
of  the  scale.  Even  with  this  precaution  it  will  be  misconstrued 
l)y  many,  for  there  is  a  tendency  of  the  mind  to  attach  undue 
weight  to  classification.  Wherever  we  draw  lines  of  separation 
we  lose  to  a  certain  extent  the  power  to  recognize  continuity. 
When,  for  example,  the  clock  strikes  twelve  on  New  Year's  Eve 
time  seems  to  stop  and  begin  again.  We  speak  of  the  achieve- 
ments of  the  nineteenth  century — and  despite  ourselves  we  think 
of  them,  too  —  as  though  a  new  industrial  epoch  began  in  A.  D. 
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1800.  And  so  it  is  easy  for  the  beginner  in  geology  to  accept  as 
discontinuous  the  eras  and  periods  of  which  his  text-book  treats, 
and  it  is  hard  for  him  afterward  to  unlearn  the  lesson. 

There  is  reason  to  believe  that  confusion  of  ideas  in  regard  to 
geologic  classification  has  been  fostered  by  the  employment  of  the 
same  set  of  names  for  the  divisions  of  the  time  scale  and  for  the 
local  terranes  on  which  they  are  founded.  It  might  be  well  to 
furnish  the  time  scale  with  names  suggesting  time  —  such  names 
as  the  brothers  Rogers  applied  to  the  terranes  of  Pennsylvania  — 
but  so  radical  a  change  is  hardly  feasible,  especially  as  we  should 
thus  lose  the  mnemonic  connection  of  times  with  corresponding 
terranes.  I  propose  as  a  means  of  accomplishing  the  end  with  the 
least  inconvenience,  that  a  set  of  time  words  be  derived  from  the 
terrane  names  by  modifying  the  final  syllables.  The  time  words 
should  all  have  the  same  termination,  and  that  should  differ  from 
any  terminations  occurring  in  the  terrane  names.  I  suggest  for 
the  ending  of  time  words  the  syllable  al.  With  such  a  nomencla- 
ture Jurassic  and  Devonian  would  denote  only  certain  European 
rock  systems,  while  Jural  and  Devonal  would  denote  periods  of 
the  standard  time  scale ;  and  we  could  speak  of  the  Chico-Tejon 
series  as  partly  Eocenal  and  partly  Cretaceal  without  seeming  to 
impl}^  the  existence  in  California  of  the  Eocene  and  Cretaceous 
systems  of  Europe. 

A  few  minutes  ago  I  opposed  the  differentiation  of  words  by 
terminations  because  it  abrogated  the  power  of  indefinite  expres- 
sion ;  I  now  favor  it  for  the  same  reason.  It  is  well  to  be  indefi- 
nite as  to  the  taxonomic  rank  of  terranes  while  their  characters  are 
imperfectly  known,  but  it  is  not  well  to  confuse  terranes  with 
times. 

It  is  not  to  be  assumed  that  a  time  scale  adopted  now  as  the 
best  possible  will  continue  indefinitely  to  be  the  best  possible ;  the 
day  will  inevitably  come  when  it  can  be  improved.  In  the  fuller 
light  of  the  future  we  may  recognize  as  very  unequal  periods  that 
we  now  deem  equivalent,  and  the  possibilities  of  defining  pre-Cam- 
brial  periods  are  unlimited.  Even  now  there  are  announced  be- 
neath the  lowest  fossil-bearing  terranes  of  the  Lake  Superior  region 
two  systems  of  clastic  rocks  limited  above  and  below  by  great 
unconformities,  and  Irving  demands  their  recognition  as  a  group, 
distinct  from  the  Archean.     If  his  voice  is  heard,  the  time  scale 
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will  include  an  era  between  the  Paleozoal  and  the  Avcheal,  and 
this  era  will  supply  the  needs  of  the  systematist  until  great  addi- 
tions have  been  made  to  our  present  knowledge  of  the  older  rocks. 

My  only  remaining  subject  is  the  representation  of  terranes  on 
maps  by  means  of  colors.  At  present  no  two  organizations  and 
scarcely  two  individuals  use  colors  in  the  same  way,  and  it  is  prob- 
ably true  that  every  organization  and  individual  publishing  many 
geologic  maps  has  at  different  times  emploj'ed  the  same  color  for 
different  terranes  and  different  colors  for  the  same  terrane.  It 
results  that  the  map  user  can  gain  no  information  from  the  distri- 
bution of  colors  until  he  has  studied  the  legend ;  before  he  can 
read  a  new  atlas  he  must  learn  a  new  alphabet.  The  advantage 
to  be  gained  by  substituting  a  universal  language  for  this  confu- 
sion of  tongues  is  manifest  and  great,  and  has  justified  the  appli- 
cation of  much  time  and  attention  by  the  Congress  and  its  com- 
mittees. By  a  series  of  resolutions  a  partial  scheme  has  been 
selected,  one  color  at  a  time,  and  the  completion  of  the  plan  has 
been  left  to  the  committee  on  the  map  of  Europe.  That  committee 
has  prepared  a  color  legend  which  is  accessible  to  American  geol- 
ogists in  the  volume  of  information  published  by  the  American 
committee.  It  is  understood  in  a  general  way  that  the  Congress 
reserves  final  action,  and  the  published  legend  not  only  belongs 
specifically  to  the  map  of  Europe,  but  is  provisional;  still,  as 
this  map,  if  generally  approved,  will  unquestionably  be  declared 
by  the  Congress  an  authoritative  pattern  for  the  guidance  of  map 
makers,  the  plan  should  be  freely  criticised  at  its  present  stage. 
The  selection  of  uniform  colors  is  a  far  more  delicate  and  impor- 
tant matter  than  the  arrangement  of  taxonoraic  terras  ;  for  while 
ill-chosen  words  may  quickly  fit  themselves  to  new  uses,  the  adop- 
tion of  an  ill-arranged  color  scheme  must  entail  continual  loss. 

In  ray  judgment  the  scheme  provisionally  chosen  is  defective  in 
several  particulars,  to  which  I  shall  presently  call  attention,  but  it 
is  necessary  to  introduce  the  discussion  by  a  statement  of  the  con- 
ditions to  be  satisfied  by  a  standard  color  scheme  and  a  statement 
of  the  practical  means  available.  The  following  are  the  principal 
conditions,  arranged  in  an  order  embodying  my  estimate  of  their 
relative  importance : 

(1)  The  map  must  be  clearly  and  easily  legible.  Each  color 
must  be  so  distinct  from  each  other  color  that  it  can  be  identified, 
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whatever  its  surroundings  ;  and  all  other  conventions  must  be  read 
ily  discriminated. 

(2)  The  cartographic  scheme  must  be  adjustable  to  the  geo- 
logic facts ;  it  must  not  require  that  the  facts  be  adjusted  to  it. 

(3)  The  same  scheme  should  serve  both  for  general  maps,  as, 
for  example,  those  representing  only  systems,  and  for  detail  maps, 
representing  numerous  smaller  divisions. 

(4)  Undue  expense  should  be  avoided.  The  amount  and 
consequent  utility  of  color  cartography  is  largely  limited  by  its 
cost. 

(5)  It  should  be  easily  fixed  and  retained  in  the  mind.  This 
is  best  accomplished  by  making  it  orderly. 

(6)  Other  considerations  permitting,  the  map  should  please 
the  eye.  Since  the  arrangement  of  color  areas  cannot  be  foretold, 
this  can  only  be  accomplished  by  admitting  a  certain  range  of 
choice.  If  allowed  sufficient  latitude  in  the  selection  of  tones,  an 
expert  colorist  can  ameliorate  an  offensive  combination  of  hues. 

(7)  Other  considerations  permitting,  the  establishment  of  a 
universal  system  should  involve  the  least  possible  inconvenience. 
But  as  the  inconvenience  of  change  is  temporarj^  while  the  incon- 
venience of  a  bad  S3'stem  is  lasting,  this  consideration  should  yield 
to  every  other. 

The  art  of  mapping  geologic  terranes  by  means  of  color  is  well 
developed,  and  its  methods,  viewed  from  the  geologist's  standpoint, 
admit  of  easy  characterization.  Color  may  be  varied  in  two  dis- 
tinct ways  —  in  hue  and  in  tone.  Hues  differ  in  quality,  as  yel- 
lowish green  and  bluish  green.  Tones  differ  in  strength,  as  pale 
green  and  dark  green.  A  color  is  printed  either  solid  or  broken  ; 
it  is  said  to  be  broken  when  applied  in  a  pattern,  as  in  lines  or 
dots,  or  when  it  is  interrupted  by  a  pattern.  The  difference 
between  solid  and  broken  colors  is  a  difference  of  texture.  The 
primary  discriminations  in  mapping  are  through  hue,  tone  and 
texture. 

The  map  engraver  produces  texture  in  three  ways.  In  the  first 
way  a  single  impression  is  made  with  a  broken  color.  The  white 
of  the  paper,  displayed  where  the  color  is  interrupted,  combines 
with  the  color  in  the  general  effect,  producing  a  paler  tone  of  the 
same  hue.  In  the  second  way  two  impressions  are  made,  one 
with  solid  color  the  other  with  broken,  and  the  two  impressions 
have  the  same  hue  ;  they  may  or  may  not  diflfer  in  tone.     This  ia 
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monochromatic  overprinting,  and  its  general  effect  agrees  in  hue 
with  the  single  impression,  but  differs  in  tone,  being  darker.  In 
the  tliird  way  two  impressions  are  made,  one  solid,  one  broken, 
and  their  colors  differ  in  hue.  This  is  bichromatic  overprinting 
and  its  general  effect  differs  in- hue  as  well  as  tone  from  each  of  the 
colors  combined  in  it.  The  first  and  second  ways  produce  texture 
raonocbromatically  and  do  not  jneld  a  new  hue  ;  the  third  way  pro- 
duces texture  bichromatically  and  yields  a  new  hue.  It  is  practi- 
cally impossible  to  obtain  a  texture  effect  without  modifying  the 
original  tone. 

The  natural  gradation  from  hue  to  hue  is  absolutely  continuous 
and  the  number  of  hues  is  infinite  ;  the  number  of  tones  of  each  hue 
is  likewise  infinite.  The  number  of  hues  and  tones  the  eye  can 
discriminate  is  finite,  but  very  great ;  it  is  stated  that  one  thous- 
and hues  have  been  distinguished  in  the  solar  spectrum.  But  the 
number  of  hues  and  tones  that  can  be  combined  in  a  map  is  small. 
As  a  matter  of  perception,  every  color  is  modified  by  the  colors 
adjacent  to  it.  Tlie  same  hue  affords  different  sensations  when 
differently  surrounded,  and  different  hues  may  afford  the  same  sen- 
sation. The  same  is  true  of  tones ;  and  there  is  a  certain  inter- 
dependence of  hues  and  tones  in  this  respect.  In  a  geologic  map 
each  color  is  liable  to  fall  into  various  combinations,  and  two 
colors  little  differentiated  occasion  confusion.  There  is,  therefore, 
a  somewhat  narrow  limit  to  the  employment  of  hues  and  tones. 
The  matter  has  not  been  fully  worked  out,  but  it  is  probable  that 
twenty  is  as  large  a  number  of  hues  as  can  be  safely  employed  in 
connection  with  tones.  Texture  admits  of  very  great  variation. 
The  various  color  schemes  submitted  to  the  Congress  and  printed  in 
the  report  of  the  Bologna  meeting  afford,  with  their  manifest  per- 
mutations, about  two  hundred  distinct  textures,  and  I  am  satisfied 
from  a  study  of  these  and  others  that  as  many  as  one  hundred  can 
be  chosen  that  are  not  subject  to  confusion.  It  follows  that  a  map 
or  atlas  expressing  few  distinctions  need  use  only  hues,  or  only 
hues  and  tones,  but  where  numerous  distinctions  are  to  be  made, 
recourse  must  be  had  to  textures. 

The  printing  of  a  large  number  of  textures  of  the  same  hue  pro- 
duces a  greater  number  of  tones  than  can  be  discriminated,  and  its 
effect  is  to  confuse  and  nullify  any  distinctions  (within  the  range  of 
that  hue)  based  purely  on  tone.     The  printing  of  a  large  number 
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of  bichromatic  textures  causes  the  same  result,  and  it  also  pro- 
duces a  greater  number  of  hues  than  can  be  discriminated ;  its  ef- 
fect is  to  confuse  and  nullify  distinctions  based  purely  on  tone,  or 
on  hue,  or  on  tone  and  hue  together. 

In  the  color  scheme  prepared  for  the  map  of  Europe  thirty-eight 
distinctions  are  made.  There  are  twenty-four  hues,  and  the  re- 
maining fourteen  distinctions  are  accomplished  by  variations  of 
tone.  While  it  may  be  possible  to  select  twenty-four  hues  available 
for  indiscriminate  combination,  there  can  be  no  question  that  those 
provisionally  printed  by  the  committee  will  fail  to  maintain  their 
distinctness  when  variously  combined  upon  a  map.  Under  the 
influence  of  such  chromatic  environments  as  are  sure  to  be  encoun- 
tered, the  four  yellow  hues  of  the  Tertiary  cannot  be  discrimi- 
nated, and  the  same  difficulty  will  arise  with  the  two  hues  of  grey 
assigned  to  the  Carboniferous,  and  with  the  hues  of  grey  and 
brown  assigned  respectively  to  the  Permian  and  the  Devonian. 
Some  of  the  tones  likewise  are  not  sufficiently  distinguished.  Two 
of  the  blues  of  the  Jurassic,  two  of  the  browns  of  the  Devonian, 
two  of  the  rose  tones  of  the  Archean,  and  the  two  violets  of  the 
Trias  are  open  to  this  criticism.  A  certain  amount  of  adjustment 
can  be  made  in  the  final  selection  of  inks,  and  probably  all  the  de- 
fects from  tone  can  be  thus  remedied,  but  the  confusion  of  hues  is 
more  difficult  to  eliminate,  for  the  great  number  of  the  hues  inter- 
feres with  the  separation  of  those  that  are  too  approximate. 
To  strengthen  one  contrast  is  to  weaken  another. 

In  order  to  judge  of  the  availability  of  the  scheme  for  the  pro- 
duction of  detail  maps,  it  is  necessary  to  consider  the  resolutions 
of  the  Congress  as  well  as  the  printed  legend.  A  resolution  pro- 
vides that  the  subdivisions  of  a  system  shall  be  represented  by 
shades  of  the  color  adopted  for  the  system,  or  by  broken  color  or 
other  texture  devices,  and  it  is  further  provided  that  the  shades, 
whether  produced  by  solid  color  or  by  texture,  shall  be  so  arranged 
that  the  darkest  or  strongest  represent  the  lower  divisions  of  the 
system.  The  resolution  is  in  French,  and  the  word  I  have  trans- 
lated shade  (nuance)  is  one  which  applies  popularly  to  either  hue 
or  tone,  while  in  the  scientific  terminology  of  chromatics  it  applies 
to  hue  only.  The  committee  on  the  map  has  taken  it  in  its  popu- 
lar sense,  and  has  represented  some  subdivisions  by  hues,  and 
others  by  tones;  for  example,  Pliocene  and  Miocene  are  assigned 
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two  tones  of  the  same  hue,  while  Oligocene  and  Eocene  have  each  * 
a  separate  hue.  The  upper  Cretaceous  and  part  of  the  lower  Cre- 
taceous are  assigned  a  green  hue  in  two  tones,  while  the  Gault  and 
the  Wealden,  classed  as  subdivisions  of  the  lower  Cretaceous,  have 
independent  hues  of  green.  Of  the  six  reds  assigned  to  volcanic 
rocks,  two  agree  in  hue  and  differ  in  tone,  while  the  remainder 
have  distinct  hues.  As  the  legend  stands,  both  major  and  minor 
distinctions,  that  is  to  say,  the  discrimination  of  groups,  the  dis- 
crimination of  systems,  and  the  discrimination  of  divisions  smaller 
than  systems,  are  all  accomplished  by  differences  of  hue,  while  the 
discrimination  of  minor  divisions  is  accomplished  indifferently  by 
variation  of  hue  and  by  variation  of  tone.  The  same  means  per- 
forms several  functions  and  the  same  function  is  performed  by  sev- 
eral means. 

It  is  stating  the  same  thing  from  another  point  of  view  to  say 
that  the  Congress  and  its  committees  have  used  the  term  color  in 
its  popular  rather  than  its  scientific  sense.  Scientifically,  a  color 
is  a  particular  tone  of  a  particular  hue,  and  the  number  of  colors 
Is  infinite.  Popularly,  a  color  is  an  assemblage  of  contiguous  hues 
and  their  tones,  to  which  a  name  has  been  given.  Each  hue  and 
tone  within  the  range  covered  by  the  name  is  a  shade  of  the  color. 
It  is  in  this  popular  sense  that  the  resolutions  assign  a  color  to 
each  system,  and  assign  shades  of  the  system-color  to  the  subdivi- 
sions of  the  system. 

Now  if  in  the  variation  of  a  system  color,  by  textures  or  other- 
wise, a  single  hue  is  adhered  to,  the  system-color  remains  distinct 
from  other  system-colors  throughout  all  its  modifications  and  their 
modifications,  but  if  hues  as  well  as  tones  are  varied,  the  inevitable 
result  is  confusion,  for  some  of  the  hues  of  one  system-color  will 
approach  too  near  to  hues  of  other  system-colors.  With  a  multi- 
plicity of  minor  distinctions  the  main  distinction  of  system  from 
system  will  be  lost. 

Another  difficulty  lies  in  the  fact  that  the  Quaternary  and  De- 
vonian colors,  while  strongly  contrasted  in  tone,  are  nearly  iden- 
tical in  hue.  This  does  not  affect  their  use  in  a  general  map,  but 
in  a  detail  map  the  stronger  tones  of  the  Quaternary  grey  will  ap- 
proach too  closely  the  paler  tones  of  the  Devonian  brown. 

These  criticisms  apply  to  those  features  of  the  scheme  which  af- 
fect its  adoption  for  general  and  detail  maps  of  European  countries. 
There  is  one  of  equal  or  greater  importance  affecting  its  application 
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•  in  other  continents.  It  is  adjusted  to  the  rock  systems  of  Europe 
exclusively,  and  makes  no  provision  whatever  for  the  systems  of 
other  parts  of  the  earth.  The  geologists  of  Wisconsin,  for  exam- 
ple, cannot  use  it  without  calling  the  Keweenawan  either  Cambrian 
or  Archean.  If  they  were  in  doubt  which  division  should  hold  it, 
but  inclined  a  little  one  wa,y  or  the  other,  they  could  express  their 
qualified  opinion  in  the  notation  provided  by  the  map  committee ; 
but  having  attained  an  unqualified  opinion  that  the  terrane  belongs 
to  neither  of  these  two  categories,  they  find  no  means  for  express- 
ing their  conclusions.  The  scheme  cannot  be  applied  to  the 
geology  of  India,  of  New  Zealand,  or  of  Australia,  without  misrep- 
resentation. It  is  not  universal  but  local,  and  this  because  it  is 
founded  on  the  fallacy  of  a  world-wide  unity  of  geologic  systems. 

So  far  as  the  geology  of  the  world  is  concerned,  it  would  be 
better  to  adopt  no  convention  at  all  as  regards  map  colors,  than  to 
adopt  one  carrying  with  it  and  promulgating  a  vicious  classifica- 
tion. Uniformity  is  not  worth  purchasing  at  the  price  of  falsifi- 
cation. If  the  members  of  the  Congress  cannot  agree  upon  a  plan 
having  the  flexibility  demanded  by  the  geologic  facts,  it  will  be 
best  to  limit  its  action  to  the  local  problems  involved  in  the  map 
of  Europe.  I  believe,  however,  that  the  necessary  flexibility  is 
attainable,  and  before  proceeding  to  further  criticism  of  the  com- 
mittee scheme  I  will  give  the  outlines  of  a  plan  which  appears  to 
me  to  combine  the  advantage  of  flexibility  with  a  number  of  other 
desirable  qualities. 

The  plan  is  founded  on  the  universality  of  geologic  time  and  the 
diversity  of  local  geologic  histories  as  expressed  in  rock  systems. 
Geologic  periods  are  arranged  in  linear  order.  Each  one  adjoins 
the  next  and  together  they  constitute  continuous  geologic  time, 
which  we  may  conceive  as  represented  by  a  straight  line.  The 
stratigraphic  systems  of  a  country  have  likewise  an  order  of  suc- 
cession, and  their  arrangement  is  linear.  They  are  not  always 
continuous  one  with  another,  but  the  history  recorded  by  the  sys- 
tems and  the  breaks  between  them  is  continuous  and  may  be  rep- 
resented by  a  straight  line,  equal  and  parallel  to  that  of  geologic 
time.  And  so  for  each  country.  A  color  scale  which  shall  represent 
each  and  all  of  these  parallel  lines  must  be  itself  linear  and  con- 
tinuous, and,  fortunately,  we  have  such  a  scale  furnished  us  in  the 
prismatic  spectrum. 

I  propose,  first,  that   the   continuous  prismatic   spectrum  be 
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adopted  as  the  standard  universal  scale  for  continuous  geologic 
time.  I  propose,  second,  that  the  conventional  time  scale,  based 
on  the  geologic  history  of  Europe,  be  complemented  by  a  color 
scale,  prismatic  but  discontinuous.  I  would  assign  to  each  period, 
not  a  certain  portion  or  area  of  the  spectrum,  but  a  specific  color 
defined  b}"^  its  position  in  the  spectrum.  This  color  scale  will  also 
apply  to  the  geology  of  Europe.  I  propose,  third,  that  the  stu- 
dents of  each  geologic  district  shall  assign  to  the  stratigraphic 
systems  of  that  district  a  set  of  prismatic  colors  so  selected  from 
the  spectrum  as  to  properly  represent  the  relation  of  each  system 
to  the  time  scale,  provided  that  relation  is  approximately  known. 
Under  this  rule  a  system  corresponding  partly  with  the  Cretaceous 
and  parti}'  with  the  Jurassic  will  receive  a  prismatic  color  inter- 
mediate between  those  assigned  to  the  Cretaceal  and  Jural  divisions 
of  the  time  scale.  I  propose,  fourth,  that  systems  whose  relations 
to  the  standard  time  scale  are  not  even  approximately  known  be 
given  tentative  positions  in  the  time  scale  and  assigned  the  corre- 
sponding colors  ;  and  that  such  provisional  colors  be  distinguished 
by  a  special  device. 

Of  this  device  I  will  speak  later,  but  before  we  leave  this  part 
of  the  subject,  the  capability  of  the  plan  to  express  tlie  facts  should 
be  more  clearly  characterized.  Continuous  geologic  time  being 
equated  with  the  continuous  spectral  band  of  light,  each  period  is 
theoretically  equated  with  a  segment  of  that  band  including  all  the 
hues  between  certain  limits.  But,  practically,  the  period  is  rep- 
resented in  the  color  scale  onl}'  by  the  central  hue  of  the  segment, 
and  there  is  nothing  in  tlie  nature  of  this  hue  to  indicate  the  length 
of  the  segment.  Similarly  each  local  system  is  represented  only 
by  the  hue  corresponding  to  the  middle  of  the  equivalent  period, 
considered  as  a  part  of  the  continuous  time-scale,  and  this  hue 
gives  no  information  as  to  the  magnitude  of  the  system  or  the  du- 
ration of  the  corresponding  period.  When  a  non-European  system 
is  represented  on  a  map  with  the  Devonal  color,  all  that  is  ex- 
pressed is  that  the  middle  of  its  period  coincides  with  the  middle 
of  the  Devonal  period ;  the  whole  period  may  equal  the  Devonal 
or  may  be  shorter  or  may  be  longer.  With  this  limitation  the 
scheme  is  able  to  express  the  exact  facts,  or  the  exact  state  of 
opinion,  in  regard  to  correlation. 

I  propose,  fifth,  that  the  subdivisions  of  systems  be  represented, 
if  their  number  is  small,  by  distinct  tones  of  the  hue  assigned  to 
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the  system,  and  if  their  number  is  great,  by  monochromatic  text- 
ures. It  having  been  provided  that  systems  shall  be  distinguished 
by  means  of  hues,  it  is  now  provided  that  hues  shall  have  no  other 
function.  This  secures  the  integrity  of  the  distinction  between 
systems,  whatever  the  minuteness  of  subdivision. 

The  idea  of  using  the  spectral  colors  in  their  proper  order  is  not 
novel.  It  has  entered  into  half  the  plans  submitted  to  the  Con- 
gress, but  each  author  has  introduced  other  colors  also,  or  else  has 
undertaken  to  use  the  spectrum  colors  more  than  once,  under  the 
impression  that  they  do  not  afford  the  necessary  range  or  variety. 
This  impression  is  based  largely  upon  the  popular  meaning  of  the 
word  color.  It  is  indeed  true  that  if  we  limit  ourselves  to  those 
parts  of  the  spectral  series  which  have  univocal  names,  we  have 
only  six  or  seven  distinctions  ;  and  it  is  further  true  that  if  we  have 
recourse  to  binominal  designations,  such  as  yellowish  green  and 
greenish  yellow,  we  obtain  rather  indefinite  conceptions ;  but  to 
men  of  science  there  are  better  resources  than  those  afforded  by 
the  language  of  every  day  life.  The  spectrum  has  been  elaborately 
studied,  and  the  relations  of  its  dark  lines  to  its  colors  have  been 
determined.  Its  wave  lengths  have,  moreover,  been  measured,  and 
by  such  means  as  these  we  are  furnished  with  three  different  scales, 
any  one  of  which  is  adequate  to  the  precise  definition  of  any  hue 
of  the  continuous  series.  What  needs  to  be  done  is  this.  When 
the  divisions  of  the  time  scale  have  been  decided  on,  the  spectrum 
must  be  studied  to  ascertain  the  best  selection  of  hues.  Their 
number  must,  of  course,  be  that  of  the  number  of  divisions  of  the 
time  scale,  and  they  must  be  so  chosen  that  the  degree  of  sepa- 
rateness  of  adjacent  colors  shall  be  everywhere  the  same,  as  judged 
by  the  normal  human  eye.  Then  define  each  hue  by  its  wave  length, 
or  its  position  in  the  Kirchlioff  scale,  and  define  it  also  in  terras  of 
the  best  combination  of  pigments  with  which  it  can  be  approxi- 
mately reproduced  for  practical  use.  It  is  of  course  impossible  to 
copy  the  prismatic  colors  with  accuracy,  because  the  colors  of  pig- 
ments are  impure,  but  this  difficulty  will  not  seriously  interfere 
with  the  employment  of  the  prismatic  colors  as  a  standard. 

The  practical  question  whether  the  spectrum  will  give  a  suffi- 
cient number  of  hues  so  far  separated  from  each  other  as  to  be 
distinguishable  in  all  the  arrangements  occurring  on  maps  has  re- 
ceived such  consideration  as  I  have  been  able  to  give  it,  and  it  is 
my  judgment  that  the  maximum  number  of  hues  that  can  safely  be 
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used  falls  somewhere  between  fifteen  and  twenty.  There  will  cer- 
tainly be  no  difficulty  in  thus  constructing  a  standard  color  scale 
with  about  a  dozen  terras. 

The  employment  of  the  spectral  colors  in  this  mariner  leaves 
three  groups  of  colors  unassigned  ;  the  purples,  the  browns  and  the 
greys.  If  the  spectral  colors  be  arranged  on  the  circumference  of 
a  circle  so  that  each  diameter  of  the  circle  connects  hues  that  are 
complementary,  it  is  found  that  they  occupy  the  greater  part,  but 
not  quite  all,  of  the  circumference,  and  the  color  needed  to  fill  the 
vacant  arc  is  purple.  The  hues  of  purple  might  then,  if  deemed 
necessary,  be  added  to  one  end  or  the  other  of  the  spectrum,  thus 
increasing  the  range  from  which  to  select  colors  for  the  time  scale. 

My  sixth  proposition  is  to  assign  the  browns  to  volcanic  rocks. 
I  would  leave  the  greys  unassigned. 

It  will  be  observed  that  no  intimation  has  been  given  as  to 
whether  the  violet  end  of  the  spectrum  should  apply  to  the  newest 
system  of  strata  or  the  oldest.  It  must  of  course  be  definitely 
assigned  to  one  or  the  other,  but  the  particular  assignment  is  a 
matter  of  indifference. 

The  main  features  of  the  proposed  prismatic  scheme  have  now 
been  set  forth  and  you  are  fairly  entitled  to  exemption  from  the 
minor  features,  but  there  is  one  detail  that  can  hardly  be  omitted. 
In  one  of  the  main  propositions  it  was  provided  that  some  special 
device  should  distinguish  colors  assigned  to  uncorrelated  systems, 
and  I  feel  it  incumbent  to  show  that  a  suitable  device  can  be 
found.  Of  a  number  that  have  occurred  to  me  as  about  equally 
available,  I  will  mention  but  a  single  one  —  the  overprinting,  in 
small  dots,  widel}'  separated,  of  the  complementary  color.  The 
complementary  color  is  selected  because  it  does  not  disturb  the  re- 
lation of  the  system-color  to  the  colors  of  adjacent  systems.  Bi- 
chromatic  overprinting  produces  a  hue  intermediate  between  the 
two  hues  combined,  but  the  hue  midway  between  a  system-color 
and  its  complementary  color  is  white  or  grey,  and  if  only  a  small 
amount  of  the  complementary  color  is  added,  the  system-color  be- 
comes merely  paler  or  duller,  when  viewed  from  such  a  distance 
that  the  colors  blend. 

The  prismatic  color  scheme  having  been  constructed  for  the  ex- 
press purpose  of  securing  a  degree  of  flexibility  that  will  fit  it  for 
universal  use  need  not  be  further  compared  in  that  regard  with  the 
scheme  published  by  the  European  map  committee.     Enough  has 
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also  been  said  to  show  that  its  superior  perspicuity  is  claimed  both 
for  general  and  for  detail  maps.  A  few  words  will  suffice  to  com- 
pare the  two  systems  in  other  respects. 

As  regards  the  expense  incurred  in  the  production  of  general 
maps,  neither  scheme  has  notable  advantage,  and  they  are  not  yet 
sufficiently  developed  to  permit  a  comparison  as  regards  the  cost 
of  detail  maps.  Their  capability  for  the  production  of  pleasant 
color  effects  can  be  best  judged  when  maps  have  been  actually 
made,  but  it  may  be  said  in  a  general  way  that  the  committee's 
scheme  will  afford  more  strong  contrasts  between  adjacent  color 
areas  than  the  prismatic.  The  maps  colored  by  the  former  will  be 
relatively  lively,  those  colored  by  the  latter  relatively  quiet.  It  is 
provided  by  the  committee  that  the  volcanic  colors  shall  be  not 
merely  red  but  strong.  On  a  general  map  volcanic  areas  cover 
comparatively  small  spaces,  and  strong  reds  thus  disposed  will  or- 
dinarily add  brilliancy  ;  but  the  detail  map^  of  a  volcanic  district, 
thus  colored,  will  be  disquietingly  suggestive  of  active  eruption. 

The  alphabet  of  colors  for  the  prismatic  scale  will  be  the  more 
easily  learned  of  the  two,  because  it  is  orderly,  and  because  its 
order  is  already  familiar  in  the  spectrum.  The  committee's  scheme, 
however,  has  some  old-fashioned  mnemonic  features  which  the 
prismatic  lacks.  The  green  of  the  Cretaceous  is  connected  with 
greensand,  the  red  of  volcanic  rocks  with  fire,  and  the  rose  of  the 
Archean  with  feldspar ;  and  the  grey  of  the  Carboniferous  mildly 
suggests  the  blackness  of  coal. 

In  respect  to  facility  of  introduction  the  committee's  scheme, 
being  essentially  a  compromise  of  existing  color  scales,  has  the 
advantage  that  to  most  users  it  is  not  entirely  novel.  The  pris- 
matic scheme  on  the  other  hand  has  the  advantage  of  being  or- 
derly. It  scientifically  differentiates  the  functions  of  hues  and 
tones,  and  though  each  one  of  its  colors  may  be  different  from 
what  the  individual  geologist  has  previously  employed  for  the  in- 
dication of  the  same  system,  the  order  of  the  colors  is  already 
familiar  to  him  in  another  way. 

This  closes  my  review  of  the  various  works  undertaken  by  the 
Congress.  Some  of  these  have  been  favored,  others  opposed,  and 
reasons  have  been  given.  But  there  is  a  general  consideration  or 
criterion  applicable  to  all  which  has  nearly  escaped  mention,  al- 
though it  is  of  preeminent  importance.     When  a  matter  is  pro- 
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posed  for  regulation  by  the  Congress,  the  first  question  which  should 
be  asked  is  whether  it  falls  within  the  legitimate  purview  of  a  con- 
vention of  geologists.  It  manifestly  does  not,  if  it  belongs  to  some 
other  science  ratlier  than  to  geology,  and  objection  has  on  this 
ground  been  made  against  the  regulation  by  our  geologic  Congress 
of  the  nomenclatures  of  paleontology  and  mineralogy.  But  not  all 
geologic  matters  even  are  properly  subject  to  settlement  by  con- 
vention. This  is  peculiarly  the  case  with  geologic  facts.  Science 
is  distinguished  from  the  earlier  philosophies  of  mankind  by  the 
peculiarity  that  it  establishes  its  fundamental  data  by  observation. 
The  old  philosophies  were  founded  largely  upon  assumptions,  and 
it  was  not  deemed  illogical  —  perhaps  it  was  not  illogical  —  to  ap- 
peal to  the  authority  of  an  assemblage  of  experts  for  the  estab- 
lishment of  fundamental  assumptions.  But  for  science  it  is  not 
merely  illogical,  it  is  suicidal,  to  establish  facts  in  any  other  way 
than  by  observation.  No  vote  of  the  most  august  scientific  body 
can  possibly  establish  a  fact,  and  no  vote  can  have  any  weight 
against  a  good  observation. 

Now  the  entire  science  of  geology,  using  the  phrase  in  a  strict 
sense,  is  constituted  by  the  aggregation  and  arrangement  of  facts, 
and  none  of  its  results  can  be  rendered  more  true,  or  be  more  firmly 
established,  or  be  prevented  from  yielding  to  contradictory  facts, 
by  conventional  agreement.  A  classification,  if  it  has  any  value 
whatever,  is  merely  a  generalized  expression  of  the  facts  of  ob- 
servation, and  is  outside  the  domain  of  the  voter.  If  it  comprises 
all  the  essential  facts,  its  sufficiency  will  eventually  be  recognized, 
whether  its  authority  is  individual  or  collective.  If  it  does  not 
comprise  them,  it  will  inevitably  be  superseded,  by  whatever  au- 
thority it  may  have  been  instituted.  For  this  reason  I  am  opposed 
to  the  classification  by  the  Congress  of  the  sedimentary  forma- 
tions, and  likewise  to  the  classification  of  the  volcanic  rocks,  and 
I  also  regard  it  as  ill-advised  that  the  Congress  undertook  the  prep- 
aration of  a  map  of  Europe,  for  that — if  more  than  a  work  of  com- 
pilation— is  a  work  of  classification. 

If  we  examine  the  other  undertakings  of  the  Congress  —  the 
definition  and  gradation  of  taxonomic  terms,  the  systematization 
of  terminations,  the  selection  of  a  scale  of  colors  for  geologic 
maps,  and  the  selection  of  other  conventional  signs  for  the  graphic 
expression  of  geologic  phenomena — we  find  that  they  all  belong  to 
the  means  of  intercommunication  of  geologists.     They  affect  only 
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the  verbal  and  graphic  technical  language  of  the  science.  Of  the 
same  nature  is  the  arbitrary  time  scale  whose  preparation  I  favor, 
—  a  conventional  terminology  for  the  facts  of  correlation.  So  we 
may  say  in  general,  that  the  proper  function  of  the  Congress  is  the 
establishment  of  common  means  of  expressing  the  facts  of  geol- 
ogy. It  should  not  meddle  with  the  facts  themselves.  It  may 
regulate  the  art  of  the  geologist,  but  it  must  not  attempt  to  regu- 
late his  science.  Its  proper  field  of  work  lies  in  the  determination 
of  questions  of  technology;  it  is  a  trespasser  if  it  undertakes  the 
determination  of  questions  of  science.  It  may  decree  terms,  but 
it  must  not  decree  opinions. 
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On  thb  different  types  op  the  Devonian  in  North  America.     By 
Prof.  H.  S.  "Williams,  Ithaca,  N.  Y. 

[ABSTRACT.] 

The  Devonian  outcrops  of  America  are  classified  into  four  areas,  eacli  of 
which  has  its  distinctive  characters :  physical,  lithological,  stratigraphical 
and  biological. 

1.  An  eastern  border  area,  presenting  much  resemblance  to  the  old  red 
sandstone  type  of  Great  Britain,  and  biologically  having  mainly  verte- 
brates and  plants  as  distinctive  features. 

2.  An  eastern  continental  area  with  a  full  series  of  distinct  stratigraph- 
ical divisions,  and  biologically  marked  by  numerous  temporary  faunas, 
mainly  of  marine  invertebrates. 

3.  An  Interior  continental  area  with  a  short  section  of  mainly  calcareous 
rocks,  following  limestones  below  and  running  into  limestones  above,  and 
representing  faunally  the  middle  marine  fauna  of  the  east  with,  at  its  base, 
traces  of  the  lower  fauna  and  at  its  top  traces  of  the  upper  fauna. 

4.  A  western  continental  area  with  thick  and  continuous  limestones 
below,  terminating  above  in  thick  masses  of  shales,  but  faunally  presenting 
a  remarkable  blending  and  continuance  of  the  general  Devonian  marine 
faunas  from  bottom  to  top,  with,  however,  a  clear  indication  of  Lower 
Devonian  at  the  base  and  of  Upper  Devonian  at  the  top. 

These  four  types  of  the  Devonian  are  not  capable  of  coordination  in  any 
of  the  details  of  llthology  or  stratigraphy  and  in  terms  of  biological  con- 
ditions, although  presenting  clear  evidence  of  representing  the  same  posi- 
tion in  a  geological  scale,  are  capable  of  only  a  general  kind  of  uniform 
subdivision  Into  lower,  middle  and  upper,  and  any  attempt  to  fix  a  classi- 
fication which  is  appropriate  to  one  upon  either  of  the  other  would  be 
forced  and  misrepresent  the  facts  as  found  In  nature. 

The  problem  of  unification  of  classification,  as  tested  by  this  single  sys- 
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tem  as  exhibited  in  North  America  alone,  is  shown  to  be  impracticable 
whenever  the  distinctive  characters  are  physical  (i.  e.,  stratigraphical, 
lithological  or  structural),  and  where  the  criteria  are  biological  a  uniform 
clalssiflcation  or  nomenclature  is  not  practicable  in  the  present  stage  of 
science  except  in  the  recognition  of  grand  divisions  about  equivalent  to 
what  are  called  systems,  and  indefinite  subdivisions  of  these  into  lower, 
middle  and  upper  stages  of  the  system. 

And  if  this  be  the  conclusion  when  a  single  continent  is  considered,  it 
is  not  reasonable  to  attempt  to  force  unification  of  classification  beyond 
this  point  when  other  continents  are  concerned. 


Section  of  thk  lower  devonian  and  upper  silurian  strata  in  cen- 
tral New  York,  as  shown  by  a  dekp  well  at  Morrisville.  By 
Charles  S.  Pkosser,  Cornell  University,  Ithaca,  N.  Y.     . 

[abstract.] 

A  WELL  was  drilled  for  natural  gas  at  Morrisville,  Madison  county, 
New  York,  to  the  depth  of  1,889  feet.  Altitude  of  the  well's  mouth  is 
probably  more  t^an  1,200  feet  A.  T. 

The  well  commences  in  the  lower  half  of  the  Hamilton,  and  then  passes 
through  the  Marcellus  shale ;  Corniferous  limestone ;  Oriskany  sandstone ; 
Lower  Helderberg  limestones;  limestones,  marls  and  shales  of  the  Sa- 
lina;  Niagara  (?)  and  ends  in  the  upper  Clinton. 

The  united  thickness  of  the  Corniferous,  Oriskany  and  Lower  Helder- 
berg is  279  feet,  of  which  186  feet  is  probably  Lower  Helderberg.  The 
Salina  of  this  section  consists  of  325  feet  of  hydraulic  limestone,  590  feet 
of  shales,  impure  limestone  and  marls,  closing  with  225  feet  of  red  shale. 
Total  thickness  of  Salina,  1,140  feet.  At  1,805  feet  is  a  blue,  argillaceous 
shale  which  may  be  Niagara. 

Gas  was  obtained  at  578  leet  and  in  smaller  amount  at  755  feet,  but  not 
in  quantity  enough  to  be  of  economic  value.  A  stratum  of  rock  salt, 
10-12  feet  thick,  was  reached  at  1,259  feet  in  the  upper  part  of  red  and 
green  variegated  marls.  Samples  from  1,805  and  1,815  feet  show  traces 
of  salt. 

I  am  indebted  to  Mr.  W.  W.  Hague  for  the  specimens  illustrating  this 
section,  and  also  to  Mr.  E.  M.  Hague  and  Capt.  H.  H.  Cumings  for  addi- 
tional information. 

The  accompanying  section  gives  the  most  important  facts  of  the  well. 
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Hamilton. 


MarcelluB,  first  sample. 

Corniferons  limestone. 

441'  ( ?)    Horizon  of  Oriskany  sandstone. 


Gas.      Lower  Helderbevg  limestone. 


Gas. 


Hydraalic  limestone. 


Light  gray  shale. 
5'  of  dark  red  shale. 
Green  and  blue  marls. 

Limestone  ? 

10'-12'  of  rock  salt. 

Bed  and  green  variegated  marls. 

Red  marl. 

Ureen  and  bine  marls. 

Red  shale. 

Bine  shale  and  limestone.    Niagara  ? 

25'  bine  shale. 

Blue  shale  and  limestone.       Clinton. 
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The  upper  Hamiltox  of  Chenango  and  Otsego  counties,  New  York. 
By  Charles  S.  Prosser,  Cornell  University,  Ithaca,  N.  Y. 

[ABSTRACT.] 

It  will  be  remembered  that  the  "  Onconta  or  Montrose  sandstone"  of 
Vanuxem  was  for  a  long  time  considered  the  lower  portion  of  a  continu- 
ous Catskill  section.  Later,  above  500  or  600  feet  of  Vanuxem's  Oneonta 
sandstone,  shales  were  found  containing  an  abundant  Brachiopod  and  La- 
niellibranch  fauna.  Since  then  the  lower  red  and  gray  sandstones  have 
generally  been  called  the  Oneonta  group.  Below  these  sandstones  are 
the  Ithaca  and  Portage  groups  of  the  State  Report,  which  have  been  con- 
sidered by  recent  writers  as  Upper  Hamilton.' 

From  a  study  of  the  region  in  question  it  is  believed  that  the  following 
stages  have  been  determined  between  the  Oneonta  sandstone  and  un- 
doubted Hamilton. 

1.  A  series  of  shales  and  sandstones,  300  feet  in  thickness,  the  middle 
portion  of  which  contains  numerous  fossils.  Some  of  the  most  common 
are : 

Paracyclas  lirata,  Con. 

Chonetes  scitula,  H. 

Tropidoleptus  carinatus,  Con. 

The  fossils  gradually  diminish  in  number  towards  the  upper  and  lower 
portions  of  this  stage  and  finally  stop.  230  feet  of  these  shales  may  be 
seen  in  the  lower  part  of  the  high  hill  west  of  Norwich,  and  about  200  feet 
in  the  lower  portion  of  the  hill  near  Oneonta.  This  fauna  is  the  Oneonta 
group  of  Conrad*  (not  Vanuxem)  and  in  1885  was  called  by  Dr.  H.  S. 
Williams  the  Paracyclas  lirata  stage  of  the  Hamilton  fauna.^  In  the 
lower  part  are  tliin,  blue  flagstones  which  are  the  "  Sherburne  flagstones" 
of  Vanuxem. 

2.  Blue  shales  which  change  to  sandstones  and  coarse,  arenaceous 
shales  at  the  bottom.  Eossils  are  very  rare  and  the  zone  is  at  least  75 
feet  thick  in  the  Chenango  valley. 

3.  Black,  argillaceous  shales,  20  feet  in  thickness  near  Smyrna.  The 
Genesee  shale  of  the  State  Report. 

4.  Limestone  layers,  separated  by  calcareous  shales,  with  a  total  thick- 
ness of  25  feet.  Eastern  exposure  of  Tully  limestone  near  Upperville 
in  Smyrna  township. 

6.     Below  the  limestones  are  shales  containing  a  typical  Hamilton  fauna. 

Farther  east  in  Otsego  county,  Conrad's  Oneonta  group  and  the  barren 
shales  below  are  clearly  shown ;  but  I  was  unable  to  find  the  black  shales 
or  limestones. 

These  investigations  were  undertaken  at  the  request  of  Dr.  H.  S.  "Wil- 
liams and  may  serve  as  a  contribution  to  the  elaboration  of  the  details  of 
Devonian  sti'atigraphy  upon  which  he  is  still  at  work. 

1  See  Proc.  A.  A.  A.  S.,  Vol.  XXXIV,  pp.229  and  233-4.     Pal.  N.  Y.,  Vol.  V,  Ft.  I, 
Lamell.  II,  pp.  517-8  and  326. 
»  N.  Y.  Ann.  Geol.  Rep.,  1811,  pp.  30,  31,  50  and  53. 
»Pioc.  A.  A.  A.  S.,  Vol.  XXXIV,  p.  226  and  chart. 
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TUKORANirK  AND   QUAUTZYTE  CONTACT   AT  THK   AURORA  MINE,  GOGEBIC 
IKON    RANGE,   AT   lUONWOOD,  MICHIGAN.      By  Prof.  N.    H.   WiNCHEl.L, 

Minneapolis,  Minn. 

[ABSTRACT.] 

This  paper  described  the  field  appearances,  particularly  the  nature  of 
the  granite  and  tiie  quartzyte,  and  their  manner  of  superposition,  the  lat- 
ter being  illustrated  by  a  diagram.  The  conclusion  derived  is  that  the 
granite  is  eruptive,  but  is  the  product  of  local  fusion  of  a  member  of  the 
Huronian,  and  hence  that  it  should  not  be  assigned  to  the  Laurentian,  as 
done  by  the  geologists  of  Wisconsin. 


Geological  section  of  southwestern  Ohio.     By  Prof.    Joseph  F. 
Jambs,  Miami  Univ.,  Oxford,  Ohio. 

[abstract.] 
A  WELL  was  bored  for  oil  or  gas  at  Oxford,  Ohio,  at  a  point  900  feet  above 
the  sea  level.  The  drill  passed  through  various  strata  to  a  depth  of  1,365 
feet  when  salt  water  was  struck.  The  first  forty  feet  was  drift.  Then 
came  about  360  feet  of  l)lue  limestone  and  shale  interstratitled.  Beneath 
tills  was  380  feet  of  compact  blue  shale,  and  at  787  feet  the  division  be- 
tween the  Cincinnati  group  and  the  Trenton  was  found.  This  was  forty- 
seven  feet  thick  and  was  a  dark,  hard,  nearly  black  limestone.  At  835 
feet  a  white  limestone  was  found  which  was  the  upper  part  of  the  Trenton. 
This  continued  with  little  variation  till  1,280  feet  was  reached,  and  It 
seems  the  equivalent  of  the  Birdseyelimestoneof  New  York.  At  1,280  feet 
the  rock  was  coarser  and  till  1,325  feet  was  reached  was  of  about  the  same 
character.  This  may  be  referred  to  the  Chazy  of  New  York.  Immediately 
below  this  the  rock  changed  again  and  became  arenaceous.  Thus  the 
Trenton  in  this  section  was  about  500  feet  thick  and  the  Calciferous  sand- 
rock  was  found  immediately  below  it.  This  was  penetiated  for  forty  feet, 
and  then  salt  water  being  found,  the  drilling  was  stopped.  Samples  from 
eighty-seven  depths  were  saved  and  examined,  and  the  section  made  by 
the  aid  of  these.  This  is  the  first  well,  of  which  there  is  an  authentic 
record,  which  has  passed  through  the  Trenton  in  southwestern  Ohio. 


Section  of  lower  silurian   (ordovician)   and  Cambrian  strata  in 
Central  New  York,  as  shown  by  a  deep  well  near  Utica.    By 
Charles  1).  Walcott,  U.  S.  Geological  Survey,  Washington,  D.  C. 
[absthact.] 
The  speaker  described  a  well,  drilled  to  the  depth  of  2260  feet,  on  the 
farm  of  the  late  Hon.  Samuel  Campbell,  three  miles  west  of  Utica.     Sec- 
tions, of  the  strata  penetrated  by  the  well,  were  given  as  known  from  the 
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nearest  surface  outcrops,  and  comparisons  made  between  them   and  the 
well  section. 

In  the  following  table  the  two  are  combined ;  the  well  record  stopping 
at  2,100  feet,  as  the  data  pertaining  to  the  lower  160  feet  was  considered 
unreliable. 


FORMATION.       ' 

WELL. 

Feet. 

8URFACE 
OUTCROPS. 

Feet. 

1. 

Hudson  River. 

90> 

150 

2. 

Utica  Shale. 

710 

600 

3. 

Trenton  limestone,  including  Black  River  and  Birdseye. 

350 

290 

Gap,  between  Trenton  and  Caloiferous,  from  which  drill- 
ings were  not  preserved.     Of  this    probably  100  feet 
should  be  referred  to  the  Calciferous. 

180 

4. 

Calciferous  and  arenaceous  strata. 

260 

3o0 

5. 

Potsdam  (?)  sandstone.    With  this  there  are  probably  in- 
cluded the  pre-Cambrian  strata,  between  the  Potsdam 
and  Avchean,  as  seen  at  Little  Falls,  N.  Y. 

410 

1 

6. 

Pre-Cambrian  and  Archean. 

100+ 

150 

2100-f- 

1541 

This  is  the  first  linown  section  in  the  Mohawk  Valley  where  the  strata, 
between  tlie  base  of  the  Oneida  conglomerate  of  the  Silurian  and  the 
gneiss  of  the  Arciiean,  have  been  measured  and  the  relative  thickness  of 
the  formations  determined.  Fossils  were  found  in  the  chips  from  the 
Trenton  limestone,  but  not  from  the  rocks  beneath. 


Discovery  of  fossils  in  the  lower  taconic  of  Emmons.    By  Charles 
D.  Walcott,  U.  S.  Geological  Survey,  "Washington,  D.  C. 

[ABSTRACT.] 
FOSSILS  IN   THE    QUARTZITE. 

Several  localities  of  fossils  were  reported  in  the  Geology  of  Vermont, 
pp.  356  and  357,  as  occurring  in  the  Granular  Quartz  of  the  Taconic  sys- 
tem ;  l)ut,  on  investigation,  the  specimens  proved  to  have  been  obtained 
from  drift  bowlders  and  not  from  rocks  in  situ,  except  in  the  case  of  Sco- 
lithus,  which  is  a  fossil  of  little  stratigraphic  value.  When  engaged  in 
work  in  connection  with  the  U.  S.  Geological  Survey  I  traced  bowlders 
containing  fossils  to  an  outcrop  of  quartzite,  two  miles  east  of  Benning- 
ton, Vt.,  in  which  the  following  species  of  Middle  Cambrian  fossils  were 


>Th«  well  starts  sixty  feet  below  the  summit  of  formation. 
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fonnd  in  situ :  Hi/olithes,  like  H.  communis,  Nothozoe  Vermontana,  Olenellua 
asaphoides.  Four  hundred  feet  in  thickness  of  quartzite  is  shown  In  the 
section,  and  the  fossils  occur  from  thirty-five  to  eighty-five  feet  from  the 
base  of  the  exposed  strata.  The  quartzite  was  traced  nortii  into  the  val- 
ley of  Roaring  Branch  in  the  town  of  Woodford  and  across  the  valley  to 
the  southern  and  western  slopes  of  Bald  Mountain.  To  the  south,  the 
quartzite  extends  along  the  western  slope  of  the  ridge  leading  to  Dome 
Mountain  in  Povvnal,  northeast  of  Willianistowu,  Mass.  It  caps  the  latter 
mountain  and  crosses  the  valley  to  the  Clarksburgh  group  of  mountains, 
along  the  slopes  of  which  it  extends  to  a  point  opposite  Williamstowa 
and  then  east  to  North  Adams,  Mass.  On  the  western  summit,  towards 
Williamstown,  the  quartzite  is  in  contact  with  the  pre-Cambrian  gneiss; 
and  fragments  of  a  trilobite  were  found  about  100  feet  above  the  contact. 

FOSSILS   IN    THE   EASTERN   LIMESTONE. 

Up  to  August  5,  1887,  determinable  fossils  had  not  been  found  to  the 
writer's  knowledge  in  the  limestone  east  of  the  Taconic  range  or  the  sec- 
ond great  formation  of  the  Taconic  system.  The  fossils  discovered  by 
Professors  Dana  and  Dwight  were  from  the  western  side  of  the  range, 
and  were  referred  to  the  Sparry  limestone  or  Upper  Taconic  by  writers 
favoring  the  view  of  the  pre-Cambrian  age  of  the  Stockbridge  or  Eastern 
limestone.  The  fossils  to  which  I  now  call  attention  were  found  in  the 
Eastern  limestone,  in  the  town  of  Pownal,  Vt.,  about  half  a  mile  north 
of  the  Massachusetts  line.  The  fossils  were  weathered  out  in  relief  on 
the  surface  of  a  light-colored  clouded  compact  marble.  The  identified 
forms  are  Maclurea?  Murchisonia  bellacincta?  M.  Milleri?  Baphistoma  sp.? 
and  a  large  crushed  gasteropod  shell.  The  fauna  belongs  to  the  Trenton- 
Cliazy  terrane  and  correlates  the  Eastern  or  Stockbridge  limestone  with 
the  Western  or  Sparry  limestone. 

The  discovery  of  determinable  fossils  in  the  quartzite  and  the  Eastern 
limestone  of  the  Lower  Taconic  united  with  the  data  obtained  from  the 
Western  limestone  and  the  Taconic  slates  in  Washington  county,  practi- 
cally puts  at  rest  the  question  of  the  geologic  age  of  the  Taconic  system. 
We  now  know  positively  that  the  quartzite  series  and  the  Upper  Taconic 
are  of  Cambrian  age,  and  the  limestone  series  with  the  overlying  schists 
are  of  Lower  Siiarian  (Ordovician)  age. 


Notes  on  the  Bekea  okit  in  northeastbun  Ohio.     By  II.  P.  Gushing, 
Cleveland,  Ohio. 

The  sections  run  from  the  base  of  the  Sharon  Conglomerate  at  the  top 
down  to  the  base  of  the  Bedford  Shale,  or  its  probable  equivalent  at  the 
bottom,  or  as  near  to  that  horizon  as  possible. 
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No.  1  is  Prof.  I.  C.  White's  general  section  in  Erie  and  Crawford  Counties,  Pa.  No. 
2,  my  section  in  Ashtabula  and  Trumbull  Counties,  Ohio,  near  Pa.  line.  No.  3,  my  sec- 
tion through  Warren,  Trumbull  County,  Ohio.  No.  4,  M.  C.  Read's  general  section  in 
Ashtabula  and  Trumbull  Counties,  Ohio.  No.  6,  Dr.  Newberry's  general  section  in 
Cuyahoga  County,  Ohio. 
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In  tlie  Waverly  Group,  throughout  the  larger  part  of  northern  Ohio,  there 
is  one  strong  persistent  sandstone  horizon,  and  but  one,  the  Berea  Grit. 
In  tracing  its  outcrop  to  the  east,  Mr.  Read,  when  near  the  state  line,  came 
upon  three  sandstones  near  this  horizon  all  resembling  some  lithologlcal 
phases  of  the  Berea.  He  concludes  that  the  Berea  here  has  split  into  two 
parts,  or  possibly  even  into  three.  Tlie  dark  blue  or  black  shales  with 
black  slate  fauna,  which  he  found  lying  between  his  two  lowest  sandstone 
members,  he  called  Bedford  shales,  thus  putting  part  of  his  Berea  below 
the  Bedford.  This  same  shale  which  he  calls  Bedford  in  Kinsman  town- 
ship, he  makes  do  duty  as  Cuyahoga  shale — Berea  shale  of  Prof.  Orton — 
in  Vernon  township  and  at  Warren.  In  my  section  near  Warren  the  lower 
two  of  these  three  sandstones  appear.  The  upper  one  of  the  two  is  the 
stone  quarried  near  Warren  and,  according  to  the  Ohio  Reports,  lies  in  the 
Cuyahoga  shale.  It  is  here  considerably  thinner  than  on  the  state  line; 
directly  under  it  the  black  Berea  shale  appears.  This  stone  is  beyond  doubt 
the  equivalent  of  the  middle  sandstone  near  the  state  line,  that  is  as  cer- 
tainly the  equivalent  of  the  Sharpsville  sandstone  of  Prof.  White  in  Craw- 
ford County,  Pa.  North  of  Warren  another  sandstone  appears  directly 
under  the  black  shale  and  is  the  equivalent  of  the  lowest  sandstone  on  the 
state  line,  of  the  Corry  sandstone  of  Prof.  White  in  Pa.,  of  the  Berea  of 
Northern  Ohio.     That  it  is  tlie  Berea  is  shown  : 

1.  By  the  hard,  black,  sandy,  sulphurous  layer,  two  inches  thick,  which 
separates  it  from  the  black  shale  above.  This  stratum  occurs  nearly  every- 
where above  the  Berea  in  Ohio  and  I  did  not  find  it  above  either  of  tlie 
other  sandstones  at  this  point. 

2.  By  the  nearly  black  shale,  with  a  black  shale  fauna,  which  directly 
overlies  it,  and  whose  stratigraphical  relations  (as  exhibited  in  the  sec- 
tions) show  that  it  could  not  possibly  be  the  Cleveland  shale. 

3.  By  the  series  of  blue  shales  and  flags,  Bedford,  underlying  it. 

4.  By  the  fact  that  neither  of  the  other  sandstones  here  can  represent 
the  Berea.  The  upper  is  too  near  the  Conglomerate  and  is  underlaid  by 
100  feet  of  strata  with  Cuyahoga  shale  fossils.  The  middle  one  is  the 
equivalent  of  the  sandstone  at  Warren,  and  apparently  nearly  runs  out 
just  west  of  that  point,  being  shaly  and  having  only  about  a  thickness  of 
six  feet  in  the  Mahoning  river,  west  of  Warren.  The  work  so  far  done 
would  seem  to  show  that  Prof.  White  is  right  in  his  claim  that  the  Corry 
sandstone  is  the  equivalent  of  the  Berea,  which  thus  lies  from  200'  to  230' 
below  the  Conglomerate  in  Asiitabula  and  Trumbull  Counties,  instead  of 
100'  as  Mr.  Read  gives  it.  This  interval  increases  as  we  go  east,  slightly 
diminishes  westward,  and  then  rapidly  increases  toward  the  south. 
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Notes  upon  the  Texas  section  of  the  American  cretaceous.    By 
Robert  T.  Hill,  U.  S.  Geological  Survey,  Washington,  D.  C. 

[ABSTRACT.] 

Owing  to  its  peculiar  transitional  geographic  position  and  the  favor- 
able conditions  of  exposure  of  its  strata,  the  state  of  Texas  presents 
the  best  opportunity  for  the  study  of  the  American  Cretaceous,  which  has 
there  the  most  comprehensive  vertical  range.  Both  the  Gulf  series  or 
Mississippi  section  of  Hilgard,  except  the  problematical  littoral  Eutaw 
formation  at  its  base,  and  the  Rocky  Mountain  series  or  Nebraskian  sec- 
tion of  Meek  and  Hayden  extend  into  the  state  by  direct  stratigraphic 
continuity,  and  their  relation  to  each  other  can  be  easily  studied.  In  this 
paper  the  confusion  of  opinion  concerning  the  strata  of  the  region  inci- 
dent to  the  stratigraphic  errors  of  Roemer,  Shumard  and  others  is  cleared 
up,  and  the  existence  there  beneath  the  Dakota  sandstone  of  the  Meek 
and  Hayden  section,  of  an  older  deep  marine  group  of  sediments  previ- 
ously mentioned  in  a  paper  read  before  the  Philosophical  Society  at 
Washington,  Jan.  29,  1887  (see  Am.  Jonr.  Science,  April,  1887)  is  dem- 
onstrated by  paleontologic  and  stratigraphic  data.  The  faunas  of  this 
new  group  have  great  resemblance  to  the  lower  portion  of  the  middle 
and  to  the  Neocomian  or  Lower  Cretaceous  of  Europe  which  is  contrary 
to  the  hitherto  accepted  theory  that  there  existed  in  tiiis  country  an  hiatus 
of  all  the  lower  Cretaceous  strata,  from  alleged  Wealden  to  the  upper 
portion  of  the  Middle  Cretaceous  (Dakota  sandstone). 

The  paper  is  accompanied  by  lists  of  the  species  characteristic  of  each 
of  the  principal  divisions  of  the  Cretaceous  as  seen  in  Texas,  and  shows 
the  stratigraphic  horizon,  range  and  distribution  of  numerous  species 
heretofore  described  from  that  region,  but  unaccompanied  by  these  es- 
sential data. 

In  conclusion,  the  author  affirms  that  any  present  attempt  at  other  than 
a  provisional  nomenclature  of  the  American  Cretaceous,  until  this  Texas 
region  is  more  critically  studied,  is  premature  and  will  tend  to  increase 
confusion. 


Notes  on  the  geology  of  Florida.    By  L.  C.  Johnson,  U.  S.  Geologi- 
cal Survey,  Washington,  D.  C. 

[abstract.] 

This  paper  shows  that  all  the  northern  and  middle  portions  of  Florida 
may  be  divided  longitudinally  into  four  regions,  plainly  recognizable  by 
surface  and  soil  indications,  i.  e.,  1.  The  gulf  hammocks  westward  of 
the  line  of  the  great  sand  dunes ;  2.  A  central  region  of  lime  sinks ;  3. 
The  lake  region  or  region  of  the  high  hammocks;  4.  The  eastern  slope 
region. 

The  rocks  which  underlie  the  second  or  limesink  division  belong,  as 
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heretofore  shown,  to  the  Vicksburg  horizon  of  the  Tertiary.  Overlying 
this,  and  outcropping  as  a  border  on  each  side  of  the  central  area  of  out- 
crop of  tills  Eocene  or  Viciisburg  limestone,  is  a  nummulitic  rock  one 
hundred  feet  maximum  thickness,  supposed  to  be  of  true  Oligocene  age. 

Overlying  the  Oligocene  and  outcropping  on  each  side  of  it  we  find 
whitish  calcareous  beds  containing  much  phosphatic  material  and  hold- 
ing a  number  of  fossils  of  undoubted  Miocene  age. 

The  Miocene  rock  above  noted  is  bordered  by  more  recent  deposits  con- 
taining shells  which  are  undistinguishable  from  those  now  living  in  the 
adjacent  waters.  These  deposits  underlie  the  eastern  slope  region.  The 
Miocene  forms  the  substratum  of  the  hammock  regions,  but  isolated  de- 
posits of  it  are  also  found  witliin  the  region  of  the  limesinks  overlying 
the  Vicksburg  limestone  of  that  region.  The  thickness  of  the  Miocene 
beds  has  not  yet  been  determined. 


The  upper  eockne  lacustrine  formations  of  the  United  States.  By 
Prof.  W.  B.  Scott,  Princeton,  N.  J. 

[abstract.] 

The  Bridger  formation  I  consider  to  be  divisible  into  three  well- 
marked  portions  :  1.  The  Wind  river  at  the  base,  which  is  characterized  by 
many  Wahsatcli  genera  such  as  Coryphodon,  Phenacodits,  etc.,  by  many  true 
Bridger  forms  and  by  the  peculiar  genus  of  tlie  Dinocerata  liathyopsis. 
2.  The  Bridger  basin  lias  a  very  rich  fauna  of  mammals  from  which  Cory- 
phodon and  Phenacodus  are  absent,  and  Uintatherium  is  exceedingly  abun- 
dant as  well  as  a  Jiost  of  small  creodonts  and  lemuroids.  3.  The  Washakie 
or  Bitter  Creek  basin  is  usually  considered  contemporarv  with  the  Bridger 
basin  proper,  but  it  shows  important  faunal  differences,  in  tlie  great  re- 
duction of  the  creodonts  and  lemuroids,  in  tiie  different  type  of  the  Dino- 
cerata, In  the  presence  of  Amynodon  and  in  the  fact  that  very  few  species 
are  common  to  the  two  basins. 

It  is  generally  stated  that  these  Washakie  beds  lie  conformably  upon 
Wahsatch  beds,  but  this  has  not  been  clearly  established,  and  some  facts 
in  the  topography  of  the  region  are  against  it.  At  tlie  same  time  it  is 
possible  that  the  faunal  differences  between  the  Washakie  and  Bridger 
basins  is  geographical  and  not  geological.  The  Uinta  formation  is  at  the 
top  of  the  Eocene  and  forms  the  transition  to  the  Miocene.  It  is  chiefly 
remarkable  for  the  absence  of  the  Dinocerata  and  TlUodonta  and  for  the 
great  number  of  artlodactyls  which  occur  in  it.  Several  Bridger  genera, 
8uch  as  Amynodon,  Ilyrachyus,  Flesiarctomys  and  Mesonyx  occur  in  these 
beds,  but  no  genus  has  yet  been  found  common  to  them  and  overlying 
White  Kiver  beds. 
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"Lake  Cuyahoga:"  a  study  in  glacial  geology.      By  Prof.  E.  W. 
Claypole,  Akron,  Ohio. 

lABSTKACT.] 

This  paper  gives  an  account  of  the  condition  of  the  Cuyahoga  valley  at 
the  time  when  the  North  American  ice-sheet  had  retreated  beyond  the 
line  of  the  Ohio  watershed  but  still  occupied  the  basin  and  the  south  shore 
of  Lake  Erie,  blocking  all  drainage  to  the  northward.  The  ice-dam  then 
lying  across  the  Cuyahoga  valley,  by  damming  the  water,  produced  a  lake 
whose  waters  necessarily  rose  until  they  found  an  outlet  at  the  lowest  ac- 
cessible point  of  the  watershed  by  which  they  escaped  southwardly  to  the 
Ohio  River. 

This  lake  measured  at  some  times  at  least  in  its  history  ten  or  twelve 
miles  long  by  from  three  to  six  miles  wide.  Its  depth  at  the  northern  end 
was  about  300  feet,  lessening  gradually  to  the  southward.  It  found  an 
overflow  through  a  valley  that  divides  the  city  of  Akron  into  two  parts 
and  is  occupied  by  the  Ohio  Canal  whose  highest  reach  on  Summit  Lake 
is  396  feet  above  Lake  Erie. 

The  level  of  this  "  Lake  Cuyahoga"  was  of  course  determined  by  that 
of  its  outlet  "the  Akron  River"  flowing  through  the  gap  at  its  southern 
end.  This  was  in  all  probability  somewhat  lower  than  at  present.^  As  a 
standing  testimony  to  the  existence  of  this  lake  the  valley  of  the  Cuya- 
hoga is  now  clogged  with  a  mass  of  silt  containing  a  few  stones — such  as 
are  usually  deposited  by  glacial  lakes  —  whose  upper  surface  forms  a  ter- 
race at  the  height  of  about  360  to  370  feet  above  Lake  Erie.  A  long  ex- 
istence seems  to  be  proved  for  this  lake  by  the  great  thickness  of  the  bed 
of  silt  which  in  some  places,  especially  near  its  northern  end,  cannot  be 
less  than  200  feet. 

[For  the  full  paper  of  which  the  foregoing  sentences  are  an  abstract  see 
the  Transactions  of  the  Edinburgh  Geological  Society  for  1887] 


Glacier  erosion  in  Norway,  and  notes  upon  northern  ice  action. 

By  Prof.  J.  W.  Spencer,  University  of  Missouri,  Columbia,  Mo. 

[abstract.] 

The  following  notes  are  from  personal  observations  in  Norway  during 
the  summer  of  1886. 

{a)  As  many  of  the  Norwegian  glaciers  are  rapidly  advancing,  they  arch 
over  from  rock  to  rock,  and  leave  subglacial  caverns  into  which  the  ex- 
plorer can  go  long  distances. 

(ft)  Numerous  angular  and  subangular  stones,  as  well  as  those  rounded 
by  atmospheric  erosion,  are  resting  upon  the  crystalline  rocky  beds  with 
the  ice  flowing  about  them  ;  that  is  to  say,  the  resistance  due  to  the  fric- 

1  Later  obseiTations  show  that  the  difference  was  very  little. 
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Hon  between  the  stones  and  the  rock  is  greater  than  the  cohesion  of  the 
molecules  of  the  ice,  which  flow  about  the  obstacles  as  a  viscous  body 
does.  Even  stones  resting  upon  the  loose  and  soft  morainic  matter,  over 
which  the  glacier  is  advancing,  are  sufficient  to  channel  the  ice  as  it  moves 
over  them. 

(c)  No  blocks  were  seen  in  the  act  of  being  torn  up  from  the  subjacent 
rock,  nor  were  the  loose  stones  being  picked  up. 

(d)  A  large  rounded  boulder,  held  in  the  ice,  was  being  rolled,  in  place 
of  shoved,  along  by  glaciers,  as  shown  by  the  mouldings  in  the  ice.  At 
the  same  time,  it  was  being  crushed. 

(e)  The  abrasion  by  the  falling  of  detached  masses  of  ice  and  stones  is 
considerable. 

(/)  A  tongue  of  ice,  hanging  from  the  roof  of  a  cavern,  was  pressing 
against  a  loose  boulder,  that  a  man  could  have  moved.  In  place  of  push- 
ing the  stone,  or  moving  around  it,  the  suspended  tongue  of  ice  (about  a 
cubic  yard),  was  bent  backward,  nearly  at  right  angles,  in  a  graceful 
curve. 

(g)  Scratched  stones  were  rarely  seen  among  those  falling  out  of  the 
bottoms  of  glaciers,  and  in  many  places  the  rocks  were  scarcely,  if  at  all, 
scratched  Although  occasionally  highly  polished,  the  subjacent  rocks, 
even  where  scratched,  showed  generally  surfaces  roughened  by  weather- 
ing, or  with  only  the  angles  removed. 

(/i)  The  upper  layers  of  ice  were  seen  to  bend  and  flow  over  the  lower, 
wherever  low  barriers  were  met  with,  in  place  of  the  lower  strata  being 
pushed  up  by  an  oblique  thrust. 

(i)  A  glacier  was  advancing  into  a  morainic  lake,  and  in  part,  against 
the  terminal  barrier.  In  place  of  ploughing  up  the  obstruction,  the  strata 
of  ice  was  forced  up  into  an  anticlinal,  along  whose  axis  there  was  a  frac- 
ture and  fault.  Thus  domes  of  ice  covered  with  sand  were  produced. 
The  sand  had  been  deposited  upon  the  surface  of  glaciers  by  the  waters 
of  the  lake.  The  conformabllity  of  the  sand  and  the  strata  of  uplifted  ice 
was  undisturbed,  except  along  the  line  of  fault.  As  the  domes  melt, 
cones  of  sand  with  cores  of  ice  are  left.  By  the  lifting  process  the  mo- 
rainic barrier  is  covered  with  clayey  sand,  as  if  subjacent  strata  had  been 
ploughed  up  by  the  glacier,  of  which  there  was  no  evidence. 

(j)  At  several  places  where  glaciers  are  advancing  over  moraines,  they 
are  levelling  them,  and  not  ploughing  them  out.  This  levelling  process 
is  by  the  dripping  of  the  water  from  the  whole  under  surface.  In  fact, 
even  the  loose  stones  upon  the  water-soaked  moraines  were  sufficient  re- 
sistance to  cause  the  bottom  of  the  Ice  to  be  grooved. 

(A;)  The  fall  of  a  great  ice-avalanche  from  a  high  snow-fleld,  down  a 
precipice  of  a  thousand  feet,  to  the  top  of  a  glacier  remanie  was  seen. 
These  falling  masses  of  ice  bring  down  the  frost-loosened  stones  from  the 
sides  of  the  mountains  upon  the  glacier,  which  is  charged  with  detritus. 
It  Is  this  material  which  furnishes  mud  to  the  subglacial  streams,  and 
not  the  rocky  bed  of  the  valley  worn  down  by  glacial  erosion. 

(Z)  One  does  not  find  that  the  glaciers  per  se  are  producing  rock-hum- 
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mocks.  These  are  the  result  of  atmospheric  and  aqueous  erosion,  although 
perhaps  beneath  a  glacier,  which  sweeps  over  them  and  to  some  extent 
scratches  and  polishes  them.  The  eflfects  of  glaciation  in  removing  angles 
and  in  polishing  surfaces  are  small  compared  with  atmospheric  erosion 
upon  the  same  rocks. 

(m)  The  transporting  power  of  glaciers  is  limited  to  the  debris  which 
falls  upon  its  surface  from  overhanging  or  adjacent  cliffs,  and  afterwards 
works  through  the  mass  or  comes  to  be  deposited  at  its  end. 

The  above  observations  are  in  accord  with  phenomena  seen  by  various 
explorers  in  Franz-Joseph  Land,  in  Spitzbergen,  in  Grinnell  Land  and  in 
Labrador,  in  which  places  floeberg-ice  is  modifying  terrestrial  features  in 
a  manner  commonly  attributed  to  glaciers. 


Notes  upon  the  theory  of  glacial  motion.    By  Prof.  J.  W.  Spencer, 
University  of  Missouri,  Columbia,  Mo. 

[ABSTRACT.] 

This  paper  is  a  rider  to  the  last. 

From  the  flowing  of  glaciers  about  loose  obstacles,  with  consequent 
grooving  of  their  lower  surfaces;  from  the  movement  of  upper  layers  of 
ice  over  the  lower,  where  the  mass  meets  obstacles ;  from  the  bending  of 
tongues  of  ice  rather  than  the  dislodging  of  loose  stones  against  which 
they  impinge;  and  from  the  crushing  of  a  large,  rounded,  granitoid  boul- 
der, resting  upon  a  hummock,  as  it  was  rolled  (not  pushed)  along  by  the 
glacier  (that  covered  the  stone  by  only  thirty  or  forty  feet),  which  rose  up 
the  ice-falls  2000  feet  or  more,  whose  weight  could  only  be  transmitted 
against  the  stone,  by  acting  through  a  fluid  or  semi-fluid  mass  :  the  conclu- 
sion is  reached  that  the  motion  of  glaciers  is  due  to  viscosity  and  plastic- 
ity, as  proposed  by  Forbes  more  than  forty  years  ago. 


Sand  boulders  in  the  drift,  or  sub-aqueous  origin  of  the  drift  in 

central  Missouri.    By  Prof.  J.  W.  Spkncek,  University  of  Missouri, 

Columbia,  Mo. 

[abstract.] 

The  drift  is  of  northern  origin,  as  shown  by  internal  characters.    It  Is 

somewhat  stratified,  although  this  is  not  always  easily  recognized.     It 

contains  water- worn  sand  boulders  from  three  to  twenty  feet  long,  which 

have  had  the  forms  produced  when  frozen.    Others  in  all  stages  of  fracture 

from  ice-jams  are  seen. 
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The  Columbia  Formation.    By  W  J  McGee,  U.  S.  Geological  Survey, 
Washington,  D.  C. 

The  Columbia  formation  has  been  studied  in  and  traced  over  the  Mid- 
dle Atlantic  coastal  plain.  It  consists  (1)  of  a  series  of  deltas  laid  down 
along  the  inland  margin  of  the  coastal  plain  by  the  Middle  Atlantic  slope 
rivers  —  the  Roanoke,  the  Appomattox,  the  James,  the  South  Anna,  the 
North  Anna,  the  Rappahannock,  the  Potomac,  the  Patuxent,  the  Patapsco, 
the  Susquehanna,  the  Brandywine,  the  Schuylkill  and  the  Delaware — 
during  a  period  of  submergence  reaching  fully  100  feet  at  the  first  named 
river,  about  450  feet  at  the  last  named,  and  intermediate  amounts  at  the  in- 
termediate rivers ;  and  (2)  of  a  series  of  terraced  littoral  deposits  connect- 
ing and  graduating  into  the  deltas  and  covering  the  remainder  of  the 
coastal  plain  to  the  Atlantic  Ocean.  The  deltas  alike  consist  of  a  lower 
division  made  up  of  bowlders,  coarse  gravel  and  sand,  and  an  upper  divi- 
sion made  up  of  brick-clay  or  loam ;  but  this  bipartltion  is  the  less  defi- 
nite in  the  littoral  phase  of  the  formation. 

The  formation  overlies  unconformably  the  various  Cretaceous  and  known 
Tertiary  deposits  of  the  region,  and  has  therefore  been  inferred  to  be  Quat- 
ernary. Moreover,  the  bowlders  of  the  lower  division  of  the  deltas  are 
much  larger  than  the  rivers  could  transport  in  ice-floes  under  existing 
temperatures,  and  the  loam  of  the  upper  division  sometimes  consists  of 
rock-flour,  or  glacial  mud;  and  it  is  hence  inferred  that  the  deposits  were 
laid  down  during  a  period  of  cold  and  extensive  northern  glaciation. 

Over  considerable  portions  of  the  area  of  the  formation,  the  materials  of 
■which  it  consists  have  been  traced  to  their  sources  :  The  larger  l)Owlders 
have  been  found  to  be  derived  from  the  Triassic,  Palaeozoic,  and  crystalline 
terranes  traversed  by  the  rivers;  the  smaller  pebbles  have  been  found  to 
be  generally  derived  from  the  Potomac  formation ;  and  the  finer  materials 
have  been  traced  to  several  sources,  including  the  grist  of  aglacier  longan- 
tecedent  to  that  which  deposited  the  great  terminal  moraine  already  mapped 
most  of  the  way  across  the  continent.  To  the  northward,  the  formation 
is  overlain  by  the  terminal  moraine. 

It  has  been  inferred  from  the  relation  of  the  Columbia  formation  to  the 
terminal  moraine  and  the  drift-sheet  which  it  fringes,  that  the  older  de- 
posit represents  a  period  of  Quaternary  cold,  much  earlier,  much  longer 
continued,  and  accompanied  by  much  greater  submergence,  than  tlie  epoch 
of  cold  represented  by  the  newer  deposits ;  and  it  has  been  inferred  from 
the  relative  erosion  of  water-ways  since  the  two  deposits  —  Coluujbia  and 
latest-glacial  —  were  formed  that  the  interval  of  mild  climate  and  high 
level  of  the  land  between  the  two  epochs  of  cold  was  from  three  to  ten 
times  as  long  as  the  post-glacial  period.  These  inferences  are  fully  sus- 
tained by  a  long  series  of  observations  extending  over  three  years  of  time 
and  many  thousand  square  miles  of  area. 

The  results  of  tlie  study  of  the  Columbia  formation  and  of  the  drift  to 
the  northward  appear  to  form  an  important  contribution  to  our  knowledge 
of  the  Quaternary  history  of  the  United  States :  It  appears  to  be  estab- 
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lished  that  the  Quaternary  consisted  of  two  epochs  of  cold  separated  by 
a  great  interval  of  mild  climate ;  that  the  first  was  much  the  longer,  though 
the  ice-sheet  did  not  extend  so  far  southward  along  the  Atlantic  coast; 
and  that  while  both  were  accompanied  by  depression  of  the  land  increas- 
ing northward,  the  depression  of  the  first  period  was  much  the  greater 
and  extended  fully  three  hundred  miles  farther  southward. 


Genesis  of  the  Hawaiian  Islands.    By  Prof.  C.  H.  Hitchcock,  Hano- 
ver, N.  H. 

[ABSTRACT.] 

These  islands  constitute  an  archipelago,  1,725  miles  long  reaching  to 
latitude  180°.  There  are  fourteen  small  islands  to  the  westward  of  the 
larger  ones  not  usually  reckoned.  These  are  low  islands,  indicating  ap- 
parently a  greater  amount  of  subsidence  at  the  northwest. 

The  general  view  that  the  islands  are  of  volcanic  origin,  situated  on  a 
plateau  16,000  feet  deep,  was  advocated.  I  will  particularize  only  that  part 
of  the  paper  which  refers  to  the  existence  of  certain  terraces,  supposed  to 
be  of  marine  origin,  by  Capt.  C.  E.  Dutton  in  his  report  to  the  U.  S.  Geo- 
logical Survey.  He  thought  there  were  several  benches  largely  of  sedi- 
mentary materials,  the  highest  rising  to  the  height  of  2,500  feet,  upon  the 
island  of  Hawaii. 

1.  They  are  spoken  of  rather  indefinitely,  as  their  upper  levels  are  va- 
riable. 

2.  The  island  is  everywhere  covered  by  basaltic  terraces,  resulting 
from  interruptions  in  the  flow  of  lava.  If  these  should  be  covered  by  deep 
soil  they  would  resemble  sea  margins. 

3.  An  examination  of  the  butte  near  Hilea,  figured  in  Button's  report, 
showed  it  to  be  entirely  of  basalt  covered  by  a  thin  sedimentary  deposit, 
which  is  more  or  less  continuous  with  the  soil  upon  which  the  neighbor- 
ing sugar  plantations  are  located.  A  cut  through  tills  near  Waiohinu  ex- 
hibits a  wonderful  similarity  in  this  deposit  to  the  loess  of  the  Mississippi 
valley.  If  we  follow  the  theory  of  Puinpelly  and  regard  this  tine-grained 
deposit  on  Hawaii  as  of  Eolian  origin,  we  have  probably  the  true  expla- 
nation of  its  formation. 

4.  If  of  marine  origin  there  should  be  coralline  or  other  marine  relics 
in  these  sediments ;  for  these  organisms  are  now  common  ofl"  the  south- 
ern coast.  But  no  evidence  of  this  nature  has  yet  been  discovered  in  these 
terraces. 

5.  In  the  Kau  desert  and  upon  the  east  flanks  of  Mauna  kea  Is  a  wide 
spread  coating  of  volcanic  ashes.  It  seems  probable  that  these  fine-grained 
materials  furnished  the  substance  of  the  supposed  sediments. 

6.  Upon  the  island  of  Oahu  and  especially  upon  Kauai,  the  existence  of 
easily  decomposing  alluvial-like  beds,  many  scores  of  square  miles  in  ex- 
tent and  of  great  depth,  further  illustrates  how  volcanic  ejecta-menta  from 
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monticules  simulate  sedimentary  deposits.  Caiions  two  hundred  feet  deep 
have  beeu  excavated  iu  them,  and  the  walls  show  lines  of  apparent  strati- 
fication.    Many  of  the  layers  have  beeu  decomposed  into  soft  clays. 

7.  The  changes  of  level  upon  Hawaii  now  observed  are  those  of  depres- 
sion rather  than  of  elevation;  on  its  south  shore  the  trunks  of  cocoanut 
palms  are  left  standing  in  the  water  where  they  grew. 

We  therefore  conclude  that  the  evidence  of  elevation  derived  from  these 
sedimentary  deposits  by  Captain  Dutton  is  not  conclusive,  and  that  we  may 
still  retain  the  views  of  the  origin  of  these  oceanic  islands  set  forth  by 
Wallace. 


On  the  Monticulipokoid  corals  of  the  Cincinnati  group  with  a 
CRITICAL  RKVisiON  OK  THE  SPKCIKS.  By  Prof.  Jo8.  F.  Jamus,  Miami 
Univ.,  Oxford,  Ohio,  and  U.  P.  James,  Cincinnati,  Ohio. 

[ABSTRACT.] 

This  group  Is  a  very  large  and  diversified  one  and  specimens  are  found 
in  great  abundance  iu  the  rocks  of  the  Cincinnati  Group.  Only  a  few  have 
■worked  in  the  field  and  published  the  results,  and  these  are  Dr.  H.  A. 
Nicholson,  Mr.  U.  P.  James  and  Mr.  E.  O.  Ulrich.  Dr.  Nicholson  has 
given  a  systematic  account  of  forty-three  species  with  figures,  thirty-three 
of  which  have  been  found  at  Cincinnati.  Mr.  U.  P.  James  has  made  de- 
scriptions of  many  species  in  "The  Palaeontologist"  and  Mr.  Ulrioli  has 
contributed  papers  in  the  "Journal  of  the  Cincinnati  Society  of  Natural 
History.  Much  of  the  work  of  Dr.  Nicholson  and  Mr.  Ulrich  depends 
upon  the  microscopic  structure  of  the  interior  of  the  fossils.  The  present 
paper  is  an  attempt  to  arrange  them  according  to  external  features  alone. 
The  value  of  the  exterior,  though  disputed  by  Dr.  Nicholson  and  Mr.  Ul- 
1  icli,  is  shown  to  be  of  value  and  importance  by  quotations  from  their  pub- 
li>hed  papers,  while  the  uncertainty  of  the  internal  microscopic  features 
is  sliowu  by  extracts  in  the  same  way. 

The  species  are  divided  iuto  six  principal  groups,  viz.,  the  Massive,  Dis- 
coid, Dendroid,  Laminar,  Encrusting  and  tliose  assuming  forms  of  special 
nature. 

The  insuflBclency  and  impracticability  of  the  five  subgenera  of  Monticu- 
lipora  of  Dr.  Nicholson  and  of  the  eighteen  genera  of  Mr.  Ulrich  is  shown 
by  a  collation  of  the  characters  of  each  genus,  and  it  is  concluded  to  di- 
vide the  family  Monticuliporidoe  \nio  two  genera  and  three  subgenera,  viz., 
Moniiculipora,  with  three  subgenera,  Dekayia,  Conatellaria  and  Pistulipora 
and  genus  Ceramopora. 

The  second  part  contains  descriptions  of  species  with  .<<ynonymy  and 
remarks.  It  is  to  have  an  index  to  species  arranged  by  cross  references, 
a  glossary  of  terms  and  index  to  the  whole.' 

•Part  first  printed  In  full  in  Jour.  Cin.  Soc.  Nnt.  Hlat.,  Oct.,  1887. 
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The  state  line  serpentine  and  associated  rocks  :  a  preliminary  no- 
tice OF  THE  serpentines  OF   S.  E.  PENNSYLVANIA.      By  Prof.  FKED'K 

D.  Chester,  Delaware  College,  Newark,  Del. 

[ABSTRACT.] 

Author  points  out  on  map  the  wide  distribution  of  rhombic  pyroxene 
rocks  within  the  Azoic  belt  of  Pennsylvania,  Delaware  and  Maryland. 
Recent  petrographic  study  has  proven  the  genetic  unity  of  these  varied 
types. 

The  so-called  Laurentian  syenites,  described  by  Mr.  C.  E.  Hall,  in  Dela- 
ware and  Chester  Counties,  Penn.,  are  structurally  united  with  and  find 
their  exact  counterparts  in  the  gabbros,  norites  and  gabbro-diorites  in  the 
state' of  Delaware.  The  many  areas  of  serpentine  of  southeastern  Penn- 
sylvania are  closely  related,  if  not  in  most  respects  identical,  with  the  ser- 
pentine which  is  minutely  described  in  the  present  paper. 

The  state  line  serpentine  occurs  along  the  boundary  between  Chester 
Co.,  Penn.,  and  Cecil  Co.,  Md.  The  rocks  of  this  belt  present  close  analo- 
gies to  certain  of  the  gabbro-diorites  of  Delaware,  sufficient  to  show  that 
they  are  chronologically  united.  The  original  mother  rock  of  this  belt  is 
found  as  two  extreme  types,  which  run  into  each  other  by  indistinct 
stages.  The  first  is  a  crystalline  mixture  of  bronzite  and  diallage  with 
accessory  olivine,  magnetite,  chromite  and  original  green  hornblende. 
In  this  rock  feldspar  is  absent,  or  present  in  but  a  trace.  The  second 
agrees  with  the  first,  with  tlie  exception  that  a  basic  plagioclase  (anor- 
thite)  is  an  important  constituent. 

The  first  variety  mentioned  is  found  in  all  stages  of  alteration  into  ser- 
pentine and  talcose  products,  and  from  this  source  all  the  serpentines  of 
this  belt  have  been  derived.  Both  bronzite  and  diallage  have  become  al- 
tered into  aggregates  of  colorless  or  light  green  hornblende,  either  trem- 
olite  or  actinolite,  while  these  in  turn  pass  into  serpentine  and  talc. 

The  second  variety  of  the  original  rock  shows  changes  identical  with 
those  observed  in  the  Delaware  gabbro-diorites.  Here,  as  before,  both 
varieties  of  pyroxene  become  altered  into  treraolite  but,  instead  of  this 
last  passing  into  serpentine,  we  find  cores  of  tremolitic  aggregates  with 
compact  borders  of  green  hornblende.  The  final  product  is,  therefore,  a 
compact  green  hornblende,  whereby  the  original  rock  becomes  distinctly 
dioritic. 

This  last  dioritic  rock  is  perfectly  compact  with  scarcely  visible  strati- 
fication and  was  styled  by  Dr.  Persifor  Frazer  a  "  trap"  although  it  was 
not  supposed  to  be  related  in  any  way  to  the  serpentines.  It  is  identical 
in  field  characters  with  a  similar  gabbro-diorite  from  Iron  Hill,  Del.,  where 
the  rock  is  found  in  like  relations  to  serpentine. 
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SOMB  EXAMPLES  OF  THE  DYNAMIC  MKTAMORPHI8M  OF  THE  ANCIENT  ERUP- 
TIVE   UOCKS    ON    THE    SOUTH    SHORE     OF     LaKE     SUPERIOR.        By   Dr. 

Oeorge  H.  Williams,  Johns  Hopkins  University,  Baltimore,  Md. 

[ABSTRACT.] 

Threk  years  ago,  at  the  Philadelphia  meeting,  the  speaker  had  the  priv- 
ilege of  bringing  to  the  notice  of  the  Association,  Prof.  J.  Lehmanu's  great 
work  on  the  Origin  of  the  Crystalline  Schists.  In  this  the  idea  of  the  or- 
igin of  schistose  and  even  banded  rocks  by  the  metaniorphism  of  eruptive 
masses — the  prime  cause  being  orographic  or  mountain-making  forces — 
was  particularly  developed.  Since  that  time  this  idea  has  constantly  been 
receiving  more  and  more  attention,  especially  in  Europe,  and  it  has  been 
fruitful  in  suggesting  many  new  lines  of  geological  inquiry.  The  work  of 
Lossen,  Weiss,  Schmidt  and  Teall  may  be  particularly  mentioned.  The 
first  named  of  these  investigators  was  the  first  to  explicitly  point  out  the 
peculiar  fitness  of  eruptive  rocks  for  the  study  of  Dynamic-  or,  as  he  so 
aptly  called  it,  Dislocation- Melamorphism.  They  possess  a  definite  com- 
position and  structure  which  are  infinitely  more  valuable  as  a  starting 
point  for  the  study  of  metamorphic  changes,  than  the  heterogeneous  and 
variable  sedimentary  rocks. 

This  idea  is  not  new,  but  it  derives  a  new  force  and  meaning  from  the 
aid  which  the  microscope  is  now  able  to  render  in  illustrating  and  inter- 
preting it.  Rocks  are  modified  in  three  diff"erent  ways  when  they  are  sub- 
jected to  the  action  of  the  mountain-making  forces. 

1.  Their  external  structure  or  morphology  is  changed  :  Macrostructural 
Metamorphism. 

2.  Their  internal  structure  or  histology  is  changed:  Microstructural  Met- 
amorphism. 

3.  The  nature  of  their  component  minerals  is  changed  :  Mineralogical 
Metamorphism. 

Of  these,  the  first  only  could  be  satisfactorily  observed  without  the  aid 
of  the  microscope.  The  third  could  be  very  imperfectly  studied,  while 
the  second  was  quite  unknown. 

Macrostructural  Metamorphism. 

Rocks  are  altered 

1.  By  stretching  (Streckung)  producing  a  banded  structure  as  in  the 
grauulites. 

2.  By  simple  compression,  producing  a  slaty  cleavage  or  foliation  (e.  g., 
gneiss  bands  foliated  at  an  angle  with  their  sides). 

8.  By  compression  of  unequally  enclosed  masses,  resulting  in  "bulging" 
In  the  direction  of  least  resistance — jointing — "cross  gashes." 

4.  By  compression  with  sliding,  crushing  and  shearing  of  the  mass, 
producing  schistose  layers. 

One  of  the  strongest  arguments  in  favor  of  the  old  idea  of  the  sediment- 
ary origin  of  all  the  schistose  crystalline  rock  was  the  conformabllity  of 
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their  foliation.  Tliis  would,  however,  be  the  same  if  the  schistosity  were 
produced  in  massive  rocks  by  pressure.  A  force  which  elevated  a  system 
of  horizontal  beds  would  tend  to  develop  a  foliation  in  their  included  erup- 
tives  which  would  agree  with  the  strilie  of  the  raised  beds.  Subsequent 
eruptions  would  also  follow  the  same  direction  as  the  line  of  least  resist- 
ance. 

Example :  The  Marquette  greenstone  series  and  Eureka  series. 

At  Four  Foot  Falls  on  the  Menominee,  the  schistosity  of  the  greenstones 
may  be  seen  to  agree  with  the  slaty  cleavage  of  adjoining  sediments,  not 
witli  their  bedding. 

Microstructural  Metamorphism. 

Admirable  instances  of  this  are  continually  revealed  by  the  microscope. 
A  few  prominent  examples  are  : 

1.  Quartz  crystals  with  uudulatory  extinction,  broken,  or  reduced  to  a 
fine  interlacing  mosaic.     "  Strain"  twinning  striae  in  feldspar. 

2.  Feldspar  crystals  broken  and  the  fragments  separated.  This  sepa- 
ration is  always  in  the  same  direction,  no  matter  how  the  crystals  may 
have  lain. 

3.  Peripheral  granulation  Q^randliche  Kataklase")  of  constituents  pro- 
duced by  a  rubbing  and  grinding  with  a  new  crystallization  in  a  mosaic. 
This  produces  Tonebohm's  so-called  "  mortar  structure."  These  new  prod- 
ucts never  show  any  pressure  eflects  like  the  old. 

4.  Parallel  arrangement  of  the  new  crystallizations  in  schistose  rocks 
while  the  remnants  of  old  crystals  bear  no  relation  to  this  arrangement. 
Especially  seen  in  schistose  porphyries. 

Mineralogical  or  Chemical  Metamorphism. 

1.  There  is  a  direct  opposition  between  the  processes  of  metamorphism 
and  weathering.  One  takes  place  at  great  depths  and  is  alteration  (change 
to  a  more,  or  not  less  crystalline  form) ;  the  other  is  decomposition  (hy- 
dration, carbonitization,  etc.,  and  change  to  a  less  crystalline  and  more 
soluble  form).  Example:  chlorite  and  biotite.  The  former  results  from 
the  latter  at  the""  earth's  surface  but  it  changes  back  to  biotite  by  regional 
or  contact  metamorphism. 

2.  As  examples  of  metamorphism  may  be  mentioned,  uralitization,  saus- 
suritization,  sericitization,  formation  of  leucoxene  (sphene). 

3.  As  a  rule,  chemical  change  is  increased  by  and  is  therefore  propor- 
tional to  the  crushing.  An  interesting  exception  to  this  seems  to  be  pre- 
sented by  feldspar.  It  is  freshest  in  the  most  crushed  greenstones  of  the 
Menominee  river,  where  it  is  most  broken !  Another  evidence  is  afforded 
by  the  granite  south  of  the  Big  Quinnesec  Fall  on  the  same  river.  This 
has  been  much  pressed  and  has  its  orthoclase  converted  partly  into  kaolin, 
and  partly  into  microcline,  which  is  quite  free  from  alteration.  This  indi- 
cates that  the  chemical  and  mechanical  action  on  feldspar  are  inversely 
proportional.    It  is  the  reverse  with  pyroxene. 
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The  four  great  sandstones  of  Pennsylvania.    By  Prof.  E.  W.  Clay- 
pole,  Akron,  Ohio. 

[abstract.] 

This  paper  was  a  sequel  to  one  that  was  read  by  the  author  at  the  meet- 
ing at  Ann  Arbor  in  1885.'  An  attempt  was  then  made  to  show  that  the 
material  of  the  four  great  sandstones  of  Pennsylvania  was  derived  from 
the  quartz  ledges  of  the  South  mountains,  once  more  widely  extended. 

The  object  of  this  paper  was  to  show  that  each  of  these  four  sandstones, 
the  Medina,  the  Orislcany,  tiie  Catsiiill-Pocono  and  the  Pottsville,  is  a 
record  of  a  lost  quartz  ridge  or  reef  produced  by  an  earlier  manifestation 
of  the  same  tangential  pressure  that  in  post-carboniferous  times  produced 
the  Appalachian  arches.  The  site  of  these  lost  ridges  was  laid  on  the 
Archaean  area  in  the  east  of  Pennsylvania  over  which  the  pre-Cambrian 
strata  now  seen  in  the  quarlzose  and  schistose  rocks  of  the  South  moun- 
tains may  have  once  extended. 

As  a  transporting  force  sufficient  to  carry  and  disperse  over  so  wide  an 
area  this  vast  mass  of  sand  and  pebble  the  author  suggested  tlie  tide.  In 
the  repeated  wash  of  tliis  forced  wave  every  twelve  hours  from  east  to 
west  may  perliaps  be  found  an  agent  capable  of  doing  the  work  that  was 
required.  Possibly  by  this  means  we  may  explain  the  thinning  of  the  ma- 
terial to  the  west  and  its  uniform  westward  dispersion. 


The  Potsdam  sandstone  in  southern  Pennsylvania.    By  Rev.  J.  Ed- 
gar, Wilson  Female  College,  Chambersburg,  Pa. 


On  the  geology  of  New  York  city  and  its  environs.    By  Prof. 
Daniel  S.  Martin,  New  York,  N.  Y. 


On  recent  field-work  in  the  arch^an  ok  northern  New  Jersey 
and  southeastern  New  York.  By  Dr.  N.  L.  Britton,  Columbia 
College,  New  York,  N.  Y. 


Notes  on  the  eruptive  rocks  of  the  akch^an  in  the  New  York 
AND  New  Jersey  highlands.  By  J.  F.  Kemp,  Cornell  University, 
Ithaca,  N.  Y. 


The  southern  driit.    By  Joseph  E.  Willet,  Macon,  Ga. 

>  For  the  full  text  of  both  the  papers  ubove  meutioned,  see  the  American  Naturalist 
for  December,  1887,  and  January,  1888. 


228  SECTION   E. 

Description  of  two  caverns  near  Manitou,  Colorado,  with  maps. 
By  Rev.  Horace  C.  Hovey,  Bridgeport,  Conu. 


The  plants  and  fishes  of  the  triassic  rocks  of  New  Jersey  and 
the  valley  of  the  Connecticut.  By  Prof.  J.  S.  Newberry,  Co- 
lumbia College,  New  York,  N.  Y. 


The  fishes  of  the  Cleveland   shale.      By  Prof.  J.  S.  Newberry, 
Columbia  College,  New  York,  N.  Y. 


Exhibition  of  a  new  petrographical  microscope  of  American  man- 
ufacture. By  Dr.  George  H.  Williams,  Johns  Hopkins  Univer- 
sity, Baltimore,  Maryland. 


Is  there  a  diamond-field  in  Kentucky?  By  J.  S.  Diller,  U.  S.  Geo- 
logical Survey,  "Washington,  D.  C,  and  George  F.  Kunz,  New 
York.     [Published  in  Science.] 


On  the  agatized  and  jasperized  wood  from  Chalcedony  Park, 
Arizona,  with  exhibition  of  magnificent  specimens.  By  George 
F.  Kunz,  New  York,  N.  Y.     [Published  in  Popular  Science  Monthly.] 


On  the  diamond  found  at  Dysartville,  N.  C,  and  on  rock-crystal 
FROM  Ashe  Co.,  N.  0.  By  George  F.  Kunz,  New  York,  N.  Y. 
[Published  in  Amer.  Journ.  Science.] 


The  relation  of  the  pole  of  the  land-hemisphere  to  continents, 
to  the  magnetic  system,  and  to  seismic  force.  by  prof.  rich- 
ARD Owen,  New  Harmony,  Indiana. 


Relation  between  geographical  forms  and  geological  formations. 
By  Prof.  Richard  Owen,  New  Harmony,  Ind. 


The  "slate  conglomerate"  of  the  original  Huronian,  the  parallel 
of  the  Ogishke  conglomerate  of  Minnesota.  By  Prof.  N.  H. 
"Winchell,  Minneapolis,  Minn. 


The  Animikie  black  slate  and  quartzyte  and  the  Ogishke  conglom- 
erate OF  Minnesota,  the  equivalent  of  the  original  Huronian. 
By  Prof.  N.  H.  Winchell,  Minneapolis,  Minn. 


An  unconformable  conglomerate  lying  on  the  Marquette  iron-ore 
rocks  at  Negaunee  and  Ishpeming,  Michigan.  By  Prof.  N.  H. 
Winchell,  Minneapolis,  Minn. 
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A  GEOLOGICAL  SECTION  AT  GREAT  Barrington,  Mass.    By  Dr.  Albxis  a. 
JuLiBN,  Columbia  College,  New  York,  N.  Y. 


The  Huronian  system.    By  Prof.  Alexander  Winchell,  Ann  Arbor, 
Michigan. 


The  origin  of  the  terraces  along  the  Ohio  river  between  Cincin- 
nati AND  Louisville.  By  Prof.  John  C.  Branner,  State  Geologist 
of  Arkansas,  Little  Rock,  Ark. 


The  southern  limit  of  the  glacial  drift  in  Kentucky  and  Indiana. 
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VEGETABLE  PARASITES  AND  EVOLUTION. 


In  the  countless  discussions  concerning  evolution  which  have 
followed  the  publication  of  Darwin's  Origin  of  Species,  zoologists 
have  gone  farther  than  botanists  in  their  efforts  to  explain  the 
possible  origin  of  higher  forms  from  the  lower.  Botanists,  as  a 
rule,  have  contented  themselves  with  a  consideration  of  the  ances- 
tral relations  of  the  orders  of  higher  plants  but,  until  very  re- 
cently, they  have  scarcely  made  any  serious  attempt  to  present  a 
general  scheme  showing,  from  an  evolutionary  point  of  view,  the 
relations  of  all  the  groups  of  the  vegetable  kingdom.  This  may 
be  due  either  to  their  timidity — perhaps  modesty  is  a  better  sound- 
ing word — or  to  their  ignorance.  If  the  latter,  they  have  certainly 
been  wise  in  avoiding  unnecessary  display  of  their  ignorance ;  if 
the  former,  they  can  easily  be  pardoned,  when  one  considers  how 
large  a  part  an  aggressive  audacity  savoring  of  sensationalism  has 
played  in  the  formation  of  some  schemes  of  development. 

On  abstract  grounds  alone,  I  presume  that  few  botanists  would 
object  to  the  statement  that  all  plants  have  been  developed  from 
simple  ancestral  forms,  which  were  nearly  i-elated  to  some  of  the 
lower  animals ;  but,  when  it  comes  to  saying  in  anything  like  a 
definite  way  that  certain  existing  forms  have  arisen  from  other 
lower  existing  forms  or  their  immediate  allies  in  some  past 
epoch,  and  so  on  until  the  lowest  form  is  reached,  botanists 
may  well  insist  that  Imagination  should  not  be  allowed  too  large 
a  scope  in  supplying  missing  links.  It  is  precisely  in  this  point 
that  zoologists  have  an  advantage  over  botanists.     The  palseon- 
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tological  record  of  lower  animals  is  more  complete  than  that  of 
lower  plants  so  that,  where  the  zoologist  might  reasonably  form  an 
hypothesis,  the  botanist  must  rely  more  on  his  imagination  until, 
in  the  end,  he  finds  himself  in  the  possession  of  a  chain  com- 
posed to  a  considerable  extent  of  missing  links.  As  it  is,  if  we 
would  consider  the  evolution  of  plants,  not  getting  much  light  on 
the  progress  of  the  lower  forms  from  palaeontology,  we  are  com- 
pelled to  trust  largely  to  plants  as  we  now  find  them  and  to  ask 
what  are  the  inferences  which  we  are  permitted  to  draw  from  ex- 
isting structures  and  conditions.  I  shall  not  attempt  to  offer  any 
scheme  of  development,  or  to  sketch  a  family  tree  whose  roots  are 
Protococci  and  bacteria  and  wliose  ripe  apples  are  the  genera  of 
Phaenogams,  but  shall  restrict  myself  to  some  considerations  con- 
cerning vegetable  parasites  and  the  inferences  as  to  their  possible 
origin  which  may  be  gathered  from  what  we  already  know  of  their 
structure  and  habits ;  partly  because  this  is  a  group  of  plants  in 
which  I  am  especially  interested,  and  partly  because  the  problems 
which  they  offer,  even  if  they  can  not  be  solved  at  the  present  day, 
are,  at  least,  full  of  suggestions. 

In  the  first  pla«e,  a  word  as  to  the  diflferent  kinds  of  plants  which 
are  included  among  parasites.  A  parasite  is  usually  defined  as  a 
plant  which  is  unable  to  transform  inorganic  material  into  organic 
compounds  and  which  is  consequently  obliged  to  obtain  its  organ- 
ized materials  from  other  plants  or  from  animals.  The  definition, 
in  general,  is  an  accurate  one  and  correctl)'^  defines  the  vast  ma- 
jority of  vegetable  parasites  which  belong  to  the  class  of  fungi. 
That  they  are  strictly  dependent  on  the  organized  materials  de- 
rived eventually  from  other  plants  or  animals  is  sufficiently  evident 
when  we  consider  that  fungi  are  destitute  of  chlorophyll,  the  nec- 
essary agent  in  the  assimilation  of  inorganic  material.  Of  the 
parasites  proper,  we  have  two  kinds  :  the  saprophytes,  which  live 
on  dead  or  inert  matter ;  and  the  special,  or  true,  parasites  as  they 
are  usually  called,  which  can  only  grow  on  the  tissues  of  living 
plants'  or  animals.  Whether  the  line  between  saprophytes  and 
true  parasites  is  sharply  defined  is  a  point  which  need  not  at  pres- 
ent be  discussed.  It  is  enough  to  say  that,  as  a  rule,  saprophytes 
grow  more  or  less  indiscriminately  on  dead  organic  substances, 
while  the  true  parasites  are  generally  limited  to  a  single  species 
of  plants  or  to  the  species  of  a  single  genus  or  order.  It  is  al- 
most unnecessary  to  cite  instances  of  the  two  kinds  of  parasites 
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proper  since  you  will  at  once  call  to  mind  PenicilUum  and  other 
common  moulds  which  grow  as  saprophytes  on  an  endless  variety 
of  substances  ;  while  we  have  as  illustrations  of  true  parasites  the 
grape  Peronospora  which  grows  abundantly  on  species  of  Vitis  and 
is  occasionally  found  on  Ampelopsis  and  Cissus^  both  genera  of  Vi- 
tacece,  and  the  potato-rot  fungus  sometimes  found  on  the  tomato 
which  belongs  to  the  same  order  as  the  potato,  and  rarely  on  spe- 
cies of  ScropJmlariacece,  a  nearly  related  order. 

The  proper  parasites  do  not  exclusively  belong  to  the  class  of 
fungi.  You  are  familiar  with  the  Indian  pipe  (Monotropa)  and 
dodder  {Cuscuta)  which  are  our  common  representatives  of  para- 
sites that  are  found  in  a  comparatively  small  number  of  orders 
of  Phaenogams.  As  chlorophyll  is  wanting  in  these  plants  we  are 
forced  to  assume  that  the  parasitism  is  as  complete  as  in  fungi. 
You,  also,  will  recall  the  mistletoes  and  the  Gerardias,  together 
with  other  members  of  the  Scrophulariacece  which  are  not  proper 
parasites  in  the  sense  in  which  we  have  already  spoken,  but  may 
rather  be  called  partial  parasites  ;  because,  while  they  have  chloro- 
phyll and  are  to  a  certain  extent  able  to  transform  inorganic  into 
organic  material,  they  still  depend  in  part  on  material  taken  from 
other  plants  to  which  they  are  more  or  less  closely  attached.  In  the 
discussion  of  the  evolution  of  parasites,  the  phaenogamic  parasites, 
however,  are  of  comparatively  little  importance  ;  because,  by  means 
of  their  flowers  and  fruit,  they  are  rightly  classed  as  belonging  to, 
or  closely  related  to,  well  recognized  orders  of  Phaenogams  and  the 
question  of  the  origin  of  the  parasites  themselves  is  not  to  be  sep- 
arated from  the  question  of  the  origin  of  Phaenogams  as  a  whole, 
so  that,  in  this  case,  we  have  only  to  account  for  the  modification 
of  the  organs  of  vegetation  whose  greater  simplicity  may  be  ex- 
plained by  the  loss  of  leaves  and  other  assimilating  organs  which 
have  become  unnecessary  to  plants  that  have  acquired  the  power 
of  living  upon  the  food  assimilated  by  other  plants.  In  short,  as 
far  as  parasitic  Phaenogams  are  concerned,  they  may  be  regarded 
as  degenerate  forms  of  other  Phaenogams  for,  in  a  plant,  the  ina- 
bility to  assimilate  inorganic  material  should  be  regarded  as  a  de- 
graded condition  in  which  the  chances  of  survival  are  diminished 
unless  some  extraordinary  provision  is  made  for  reproduction, 
which  is  not  the  case  in  Phaenogams,  whatever  may  be  true  of  fungi. 

Whether  any  proper  parasites  are  to  be  found  among  algae  is  a 
question  on  which  there  is  a  difference  of  opinion.     For  my  own 
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part,  I  am  unable  to  recognize  any  proper  parasite  among  algae, 
although  it  is  tolerably  certain  that  a  number  of  forms  generally 
classed  among  algse  may  be  regarded  as  partial  parasites.  This 
point,  however,  can  be  better  considered  later  on. 

Let  us  next  briefly  consider  the  mutual  relations  which  exist 
between  parasites  and  their  hosts,  that  is,  the  substances,  dead  or 
living,  on  which  they  are  growing.  At  first  sight  a  parasite  would 
seem  to  be  purely  destructive  in  its  action  and  that  this  is  really 
the  case  is  evident  in  the  great  majority  of  instances.  When  a 
piece  of  bread  is  attacked  by  the  mould,  Mucor  stolonifer,  its  sub- 
stance continually  diminishes  with  the  growth  of  the  mould.  We 
need  not  stop  to  consider  the  saprophytes  for  the  case  of  the  true 
parasites  is  still  stronger.  There  is  a  constant  struggle  between 
the  rots,  rusts  and  other  true  parasites  and  the  hosts  on  which  they 
are  growing.  Just  so  far  as  the  fungus  flourishes,  so  does  the  host 
suffer  and,  if  the  conditions  of  temperature  and  moisture  are  favor- 
able to  the  fungus,  the  host  may  be  quite  destroyed .  If  the  con- 
ditions are  not  favorable  to  the  fungus,  the  host  may  continue  to 
grow  and  the  fungus  may  gradually  disappear  or,  at  least,  pass 
into  a  quiescent  state.  An  instance  of  the  sudden  and  complete 
destruction  of  the  host  is  seen  in  the  case  of  the  bad  epidemics  of 
the  potato-rot  when  whole  acres  suddenly  rot  and  die.  This  is  an 
extreme  case.  Other  members  of  the  Peronosporece  attack  young 
seedlings  some  of  which  are  destroyed  while  others  continue  to 
grow  and  may  be  said  to  throw  off  the  fungus.  From  cases  of  the 
complete  and  sudden  destruction  of  the  host,  either  in  its  mature  or 
seedling  condition,  we  pass  to  parasites  which  are  less  virulent  and 
whose  action  is  more  local.  We  have  all  grades  of  injury  done  to 
the  host  from  destruction  of  the  leaves  and  consequent  diminution 
of  the  assimilating  power,  which  may  entail  serious  or  fatal  results  ; 
from  the  formation  of  circumscribed  knots  and  tumors,  which  may 
cause  destruction  of  the  branches  and,  in  course  of  years,  the  death 
of  the  plant ;  from  fungi,  which  attack  the  flowers  or  fruit  and  cause 
diminished  reproductivity  without  injury  to  the  vegetative  powers, 
down  to  the  insignificant  distortions  of  scattered  epidermal  cells 
caused  by  Synchytria.  But  in  all  these  cases  the  action  of  the  par- 
asite is  destructive.  We  cannot  conceive  that  it  is  of  the  slightest 
benefit  to  the  host.  It  robs  the  plant  of  the  food  which  it  needs 
for  itself  and  gives  back  nothing  good  in  return. 

We  have,  on  the  other  hand,  instances  of  parasitism  in  which  it 
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is  claimed  that  the  relation  of  parasite  and  host  is  one  of  mutual 
benefit.  To  this  condition  the  name  symbiosis^  has  been  applied. 
The  two  most  marked  instances  of  symbiosis  among  plants  are  to 
be  found  in  lichens  and  the  fungus-growth  first  called,  by  Frank, 
Mycorhiza. 

The  thallus  of  lichens,  j^ou  will  bear  in  mind,  is  composed  of  two 
elements :  the  green  cells  or  filaments  called  gonidia,  and  the  col- 
orless threads  or  hyphae.  Any  extended  discussion  of  the  algo- 
fungal  theory  of  lichens  would  be  out  of  place  on  the  present 
occasion,  and  it  is  only  necessary  to  say  that  I  do  not  see  why  we 
may  not  consider  the  gonidia,  to  be  what  they  appear  to  be,  viz., 
algae  ;  and  the  hyphae,  fungi  parasitic  on  the  gonidia.  Certainly, 
the  opponents  of  the  algo-fungal  theory,  in  spite  of  all  their  at- 
tempts, have  not,  as  yet,  given  satisfactory  proof  that  the  gonidia 
are  produced  from  the  hyphae  or  the  hyphae  from  the  gonidia,  so  that 
we  are  forced  to  regard  them  as  two  distinct  entities.  The  strong 
point  of  the  opponents  of  the  algo-fungal  theory  has  been  that,  if  it 
is  true  that  what  is  called  a  lichen  is  really  a  fungus  parasitic  on  an 
alga,  it  is  inconceivable  that  the  alga  should  not  be  injured  or  even 
destroyed  by  the  fungus.  It  is  certainly  a  fact  that  the  gonidia,  or 
algae,  are  not  destroyed,  and  it  has  been  assumed  by  both  the  ad- 
vocates and  opponents  of  the  theory  that  the  gonidia  are  not  in- 
jured by  the  growth  of  the  h3^phae,  while  some  even  go  so  far  as  to 
say  that  their  growth  is  aided  thereby.  To  account  for  this  state 
of  things,  the  advocates  of  the  theory  have  advanced  the  view 
that,  in  lichens,  we  have  a  sort  of  mutual  parasitism,  and  the 
statement  has  been  made  that  "  the  hyphae  lie  on  the  gonidia  and 
carry  to  them  crude  nutritive  fluids  in  return  for  which  the}'  re- 
ceive a  part  of  the  assimilated  material  in  the  gonidia."  But 
what  good  the  gonidia  can  derive  by  having  crude  material  brought 
to  them  by  the  hyphae,  if  they  must  give  back  a  part  of  the  assim- 
ilated material  to  them,  is  not  clear  since  it  is  a  well-known  fact 
that  the  gonidia  can  and  very  often  do  live  and  flourish  in  a  free 
condition  and  are  amply  able  to  obtain  all  the  nourishment  they 

>  The  word  symbiosis  was  originally  applied  to  all  cases  where  different  organisms 
were  associated  together  in  a  community,  and,  in  this  sense,  included  the  true  para- 
sites. The  application  has  gradually  been  modified  until,  at  the  present  day,  symbio- 
sis is  generally  understood  to  mean  the  association  of  plants  with  plants  or  plants  with 
animals  in  sucli  a  way  that  the  relation  between  tliem  is  one  of  mutual  benefit,  or  in 
which  there  is  at  least,  no  injurious  action  of  one  orpanism  on  tlie  other.  In  this  sense, 
as  contrasted  with  true  parasitism,  the  word  is  here  used. 
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need  without  the  help  of  the  hyphse  and,  at  the  same  time,  can 
use  for  their  own  exclusive  benefit  all  the  assimilated  material. 
On  the  other  hand,  it  is  known  that  the  hyphse  are  dependent  on 
the  gonidia  for  their  development.  The  advantage  to  the  gonidia 
is  quite  hypothetical.  The  advantage  to  the  hyphse  is  real,  and  it 
is,  to  speak  mildly,  a  bad  case  of  what  the  French  call  un  muf 
pour  un  hoeuf. 

The  alleged  proof  that  the  gonidia  are  benefited  by  contact 
with  the  hyphse  rests  on  laboratory  cultures  in  which  it  is  claimed 
that,  if  the  germinating  spores  of  lichens  be  brought  in  contact 
with  pure  gonidia,  the  hj^phse  at  once  grow  more  rapidly,  and  the 
gonidia  also  begin  to  multiply.  But  this  increase  of  the  gonidia 
is  not  necessarily  a  sign  that  the  conditions  of  growth  have 
become  more  favorable.  When  the  black-knot  fungus  attacks  a 
branch  of  a  plum  tree  the  parenchymatous  cells  increase,  and  a 
knot  is  formed  and  the  same  thing  occurs  when  branches  of  red- 
cedar  are  attacked  by  Gymnosporangium  macropus.  Here,  the  in- 
creased growth  does  not  indicate  an  increased  supply  of  food,  but 
an  irritation  caused  by  a  noxious  parasite.  The  increased  growth 
of  normal  cells  in  the  presence  of  irritating  foreign  bodies  is  well 
known  to  both  animal  and  vegetable  pathologists  and  is  not  inter- 
preted by  them  to  mean  an  improved  condition,  but  rather  an  at- 
tempt to  get  rid  of  something  harmful.  The  same  explanation 
may  be  given  to  the  lichen  cultures.  But  cultures  on  microscopic 
slides  in  the  laboratory  surely  should  not  be  regarded  as  more  con- 
clusive than  what  is  seen  on  a  much  larger  scale  in  nature.  One 
has  only  to  compare  the  Chroolepus — forms  which  constitute  the  go- 
nidia of  Opegrapha,  with  the  same  forms  when  free  from  the  hyphse 
of  the  Opegrapha,  to  be  convinced  that  they  grow  and  fructify  decid- 
edly better  when  free  than  when  shut  up  in  the  lichen-thallus. 
They  are  neither  benefited  nor  destroyed,  but  they  are  weakened 
and  injured.  The  same  is  true  of  the  cystococcoid  or  protococ- 
coid  gonidia  of  the  larger  lichens  which  are  more  luxuriant  when 
growing  free  on  rocks  and  bark.  It  is  impossible  to  regard  the 
Stigonema  gonidia,  distorted  and  broken  up  by  the  hyphae,  as  in  a 
more  flourishing  condition  than  when  free. 

It  seems  to  me  that  the  real  error  of  the  supporters  of  the  algo- 
fungal  theorj'  is  not  that  they  assume  that  the  gonidia,  the  algse, 
can  support  themselves  and  the  hyphse  too,  but  that  they  assume 
that  they  are  not  injured  thereby.     In  their  attempt  to  show  how 
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a  possible  advantage  to  the  gonidia  might  arise,  they  have  not 
sufficiently  regarded  the  palpably  injurious  action  of  the  hyphoe. 
From  the  facts  which  I  have  given  it  is  plain  that  they  are  injured 
and,  if  the  injury  is  less  than  in  most  cases  of  parasitism  —  which 
may  be  due  to  the  fact  that  the  hyphse  of  lichens  grow  more  slowly 
than  those  of  other  fungi  —  it  is  nevertheless  an  injury,  and  we 
must  recognize  in  lichens  not  a  case  of  symbiosis  or  mutual  para- 
sitism, but  a  case  of  true  parasitism  with  a  minimum  of  injury  to 
the  host.  In  view  of  the  facts,  one  can  be  an  advocate  of  the 
algo-fungal  theory  without  believing  that  there  is  a  double  para- 
sitism. 

In  1885,2  Frank  announced  the  following  discovery:  that  cer- 
tain species  of  trees,  especially  CupuUferce,  do  not  regularly  obtain 
their  food  directly  from  the  soil  but  their  roots  are  connected  with 
the  mycelium  of  a  fungus  by  whose  agency  all  the  nourishment  is 
transferred  from  the  soil  to  the  tree.  He  called  this  condition 
Mycorhiza  and  described  the  fungus  as  intimately  united  with  the 
inner  cortex  of  the  roots  just  back  of  the  tips  and  forming  a  felt- 
like cap  over  the  tips.  He  maintained  that  this  union  of  mycelium 
and  roots  was  of  constant  occurrence  in  the  CupvXiferoe  which  he 
had  examined,  oaks,  beeches,  chestnuts,  hazel-nuts  and  hornbeams, 
and  more  or  less  constant  in  Salicacece  and  Coniferce.  At  a  later 
date^  he  went  further  and  stated  that  the  Mycorhiza  is  a  symbiotic 
condition  which  may  perhaps  be  found  in  all  trees  under  certain 
conditions  ;  tha't  it  is  found  only  where  the  soil  consists  of  humus 
or  undecomposed  plant  remains  ;  that  the  fungus  of  the  Mycorhiza 
conveys  to  the  tree  not  only  the  necessary  water  and  the  mineral 
constituents  of  the  soil  but,  also,  the  organic  material  derived 
directly  from  the  humus  and  decomposing  vegetable  matter ; 
and  that  it  is  through  the  agency  of  the  fungus  alone  that  the 
tree  obtains  its  food  from  the  soil.  If  one  could  accept  with- 
out reserve,  the  conclusions  of  Frank,  we  have  in  Mycorhiza  a 
clear  case  of  symbiosis  in  which  a  fungus  which  lives  as  a  sapro- 
phyte on  vegetable  mould  is  intimately  united  with  the  tissues  of 
Phaenogams  on  which  it  acts,  not  as  a  parasite  but  as  a  conveyer 
of  nourisliment.  Unfortunately,  the  statements  of  Frank  are, 
to  a  great  extent,  not  confirmed  by  other  competent  observers. 
R.  Hartig  has  shown'*  that  the  Mycorhiza  condition  is  not  at  all 

*Ber.  Deutsch  Bot.  Ges.  Ill,  128.  >  1.  c,  III,  XXXn, 

*Bot.  Centrulblatt,  XXV,  860. 
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necessary  to  the  nourishment  of  trees  even  in  CupuUferce,  since  he 
finds  that,  in  many  cases,  roots  of  healthy  trees  are  quite  free  from 
Mycorhiza  and,  even  in  trees  where  there  is  a  marked  Mycorhiza 
of  some  roots,  there  are  others  quite  free  from  it.  He  regards 
Mycorhiza  not  as  a  case  of  symbiosis  comparable  to  that  of  lichens, 
as  does  Frank,  but  rather  a  case  of  proper  parasitism,  and  Kam- 
ienski^  states  that,  in  the  cases  of  Mycorhiza  of  trees  which  he  has 
examined,  he  has  always  found  evidences  of  injury  done  to  the 
roots  by  the  fungus  which  he  also  regards  as  a  parasite  of  a  desti'uc- 
tive  nature.  P.  E.  Mueller,  to  a  certain  extent,  endorses  Frank's 
views,  as  far  as  the  Mycorhiza  of  beeches  is  concerned. 

We  are,  on  the  whole,  warranted  in  believing  that  the  Mycorhiza 
condition  is  rather  a  condition  of  proper  parasitism  than  of  sym- 
biosis in  the  case  of  trees.  We  still  have  the  case  of  Monotropa 
Hypopitys,  a  small  ericaceous  parasite,  in  which  Kamienski  showed, 
as  earl3'  as  1881,  that  the  roots  are  surrounded  by  a  mycelium 
which,  however,  does  not  penetrate  into  the  substance  of  the  roots, 
as  in  the  Mycorhiza  of  Frank.  He  considered  that  the  fungus,  in 
this  case,  was  the  medium  of  transfer  of  nourishment  to  the  Mono- 
tropa and  did  not  agree  with  the  then  prevailing  view  that  Mon- 
otropa itself  was  directly  parasitic  on  the  roots  of  other  plants. 
We  may  safely  consider  that  there  is  a  symbiosis  in  Monotropa 
Hypopitys  and  further  investigation  may  show  a  similar  condition 
in  some  other  closely  related  phsenogamous  plants  which  are  des- 
titute of  chlorophyll,  but  here  the  case  is  very  different  from  that 
of  the  large  trees,  abundantly  provided  with  assimilating  organs 
of  their  own  in  which,  if  there  is  symbiosis  at  all,  it  certainly 
does  not  exist  on  the  wholesale  scale  which  Frank  claims. 

With  regard  to  the  symbiosis  of  plants  and  animals  I  will  say 
but  a  word,  for  the  subject  is  one  which  pertains  to  the  domain  of 
the  zoologist  rather  than  to  that  of  the  botanist.  The  inherent 
objections  against  the  probability  that  plants  and  animals  should 
live  in  a  state  of  symbiosis  are  less  than  in  the  case  of  symbiosis 
in  the  vegetable  kingdom  ;  because,  in  the  former  case,  the  plants  in 
question  belong  not  to  the  group  of  fungi  but  are  algse  possessing 
chlorophyll,  or  a  modified  form  of  chlorophyll.  The  symbiotic 
alga  could  support  itself;  the  animal,  on  the  other  hand,  could 
support  itself  and,  bearing  in  mind  the  different  products  of  as- 

«  Bot.  Centralblatti'XXX,  2. 
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siniilation  and  respiration  in  plants  and  animals,  one  could  easily 
conceive  that  benefit  might  arise  from  the  combination  of  the  two. 
Whether  the  combination  really  exists  in  many  cases  is  not  yet 
certain,  because  it  too  frequently  happens  that  zoologists  do  not 
agree  as  to  whether  the  assumed  alga  is  really  an  alga  or  a  proper 
organ  of  the  animal  itself.  It  becomes  a  question  of  authority  and 
a  botanist  is  not  in  a  condition  to  estimate  the  comparative  merits 
of  observations  made  by  zoologists.  As  far  as  I  am  at  liberty  to 
form  any  opinion  at  all,  I  should  say  that  zoologists  were  inclined 
to  accept,  at  least,  a  mechanical  symbiosis  of  unicellular-algae  and 
animals  in  a  considerable  number  of  instances.  Whether  the  sym- 
biosis is  physiological,  as  well  as  mechanical,  is  a  point  on  which 
more  light  is  apparently  needed. 

The  symbiosis  of  plants  and  animals  is,  perhaps,  better  to  be 
compared  with  that  of  Nostocs  with  Hepaticce  and  Azolla  than  with 
the  condition  which  exists  in  lichens.  Some  of  the  recorded  cases 
show  clearly  a  mechanical  symbiosis  even  if  others  be  regarded  as 
merely  accidental  and  temporary  unions  of  different  organisms. 
Whether  the  symbiosis  here  is  physiologically  of  advantage  to  the 
nutrition  of  both  organisms  is  doubtful.  The  Nostocs  are  certainly 
not  injured  and  they  may  derive  benefit  from  the  shelter  afforded. 
It  will  not  do  to  go  too  far  in  this  direction,  however,  because  we 
should  at  length  be  forced  to  speak  of  symbiosis  in  cases  where 
Nostocs  grow  in  crevices  of  rocks,  which  would  be  absurd. 

I  have  dwelt  somewhat  at  length  on  the  subject  of  symbiosis 
because,  as  it  seems  to  me,  botanists  have  gone  too  far  in  assum- 
ing a  beneficial  action  of  the  parasite  on  the  host  in  many  cases 
where  not  only  no  direct  benefit  can  be  proved  to  exist  but  where 
a  closer  examination  shows  that  an  injury  is  really  done,  although 
it  may  be  slight.  In  short,  s^'mbiosis  as  distinct  from  true  de- 
structive parasitism  is  not  the  comparatively  common  condition 
in  the  vegetable  kingdom  which  it  is  generally  supposed  to  be  by 
those  wiiose  opinion  is  worth  considering,  for  we  need  not  regard 
those  writers  who,  seeing  in  symbiosis  a  charming  instance  of  do- 
mestic felicity  and  concord  with  which  they  can  point  a  moral  and 
adorn  a  tale,  have  given  to  the  public  essays  whose  only  proper 
place  is  on  the  shelves  of  a  Sunday  School  library.  Accepting  the 
existence  of  symbiosis  where  both  members  are  chlorophyll-bear- 
ing plants,  we  must  still  believe  that,  with  rare  exceptions,  the 
cases  where  one  member  is  a  fungus  should  be  referred  rather  to 
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the  class  of  true  parasites  in  which  the  advantage  is  altogether  on 
one  side. 

If  we  turn  now  to  the  question  of  the  origin  of  vegetable  para- 
sites we  find  ourselves  in  a  dilemma.  Certainly,  the  parasites  could 
not  have  originated  before  the  plants  and  animals  on  whose  remains 
or  in  whose  tissues  they  live.  On  the  other  hand,  accepting  the 
law  of  evolution,  that  the  more  complex  forms  are  developed  later 
than  the  simpler  forms,  the  parasites  must  have  preceded  the  forms 
on  which  they  prey.  The  paradox  is,  however,  more  in  words  than 
in  reality.  We  can  only  suppose  that  our  present  parasites  have 
existed  from  early  times  but  were  not  always  parasites.  The  ques- 
tion might  arise  here,  What  do  we  mean  by  higher  and  lower 
forms?  The  terms  are  elastic  and  one  sometimes  suspects  that 
they  have  been  stretched  and  twisted  to  suit  the  necessities  of  in- 
dividual writers.  It  is  not  quite  plain,  for  instance,  why  we  should 
say  that  the  giant  kelp  of  the  Pacific,  Macrocystis  pyrifera,  with 
its  branching  stems  several  hundred  feet  long  furnished  with  in- 
numerable leaves  and  air-bladders,  is  less  highly  organized  than 
the  small  frondose  hepatics,like  Ricda^ov  such  mosses  as  Phascum. 
There  is  one  point  on  which  all  botanists  would  probably  agree  in 
speaking  of  high  or  low  organizations,  viz. :  that  complications  of 
the  reproductive  apparatus  indicate  a  high  organization,  however 
simple  the  vegetative  organs  may  be,  and  that,  as  we  advance  higher 
in  the  scale,  we  find  more  and  more  numerous  embryonic  condi- 
tions which  represent  free  conditions  of  less  highly  organized  plants. 

Throwing  out  of  consideration  the  phaenogamous  parasites  for 
the  reasons  previously  given,  there  is  no  doubt  that  the  immense 
majority  of  vegetable  parasites  belong  low  down  in  the  scale  of  de- 
velopment and  we  can  infer  from  the  simplicity  of  their  reproduc- 
tion that  they  originated  at  an  early  period.  Other  things  also  point 
in  the  same  direction.  In  the  class  of  fungi,  although  the  sexual 
reproduction  is  of  low  grade,  it  embraces  a  number  of  different 
types  and,  as  far  as  non-sexual  modes  of  propagation  are  concerned, 
although  it  may  be  said  that  they  only  indicate  an  effort  on  the 
part  of  the  plants  to  adapt  themselves  to  peculiar  conditions,  fungi 
are  far  better  provided  than  any  other  plants.  We  are,  perhaps, 
at  liberty  to  suppose  a  remote  origin  from  the  large  number  of 
species  of  fungi  now  in  existence  and,  in  this  connection,  a  few 
statistics  may  prove  of  interest.  The  question  is  frequently  asked 
whether  the  species  of  fungi  are  more  numerous   than  those  of 
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Phaenogams.  It  is  safe  to  suppose  that  they  are,  although  it  is 
not  true  that  more  species  of  fungi  have  aheady  been  described. 
The  systematic  study  of  fungi  in  Europe  and  North  America  is  of 
so  much  more  recent  date  than  the  study  of  the  Phaenogams  of  those 
two  continents,  while  the  fungi  of  a  large  share  of  tlie  earth  have 
scarcely  been  studied  at  all,  that  a  comparison  of  the  described 
species  of  the  two  classes  fails  to  give  a  correct  estimate  of  ihe  real 
numbers. 

The  reason  for  supposing  that  the  species  of  fungi  are  more  nu- 
merous than  those  of  Phaenogams  is  founded  on  the  fact  that,  in 
countries  whose  fungal  flora  has  been  most  thoroughly  studied, 
we  find  few  species  of  Phaenogams  which  are  not  already  known 
to  be  attacked  by  some  special  parasite  while  the  majority  of  spe- 
cies serve  as  hosts  for  a  considerable  number  of  species  of  fungi. 
A  few  figures  will  show  this  point  clearly.  In  his  treatise  on  the 
fungi  which  attack  the  species  of  Vitis,  published  in  1879,  Pirotta 
enumerates  one  hundred  and  four  species  of  parasites.  Between  ten 
and  twenty  of  these  are  fungi  not  found  on  Vitis  alone  but  this 
number  is  more  than  counterbalanced  by  species  peculiar  to  Vitis 
which  have  been  described  since  1879.  It  may  be  objected  that 
some  of  the  forms  called  species  by  Pirotta  are  probably  merely 
stages  of  some  of  the  other  species  enumerated.  Admitting  that 
this  is  possible  and  even  probable,  if  we  deduct  half,  or  even  two- 
thirds  which  is  liberal  to  the  last  degree,  we  still  have  thirty  to 
fifty  species  of  fungi  at  the  lowest  estimate,  which  are  peculiar  to 
six  species  of  Vitis,  the  number  of  species  of  the  genus  included 
in  Pirotta's  observations.  I  have  little  doubt  that  the  real  num- 
ber of  species  of  fungi  peculiar  to  the  genus  Vitis  is  much  larger 
than  the  estimate  I  have  just  given.  If  the  relative  number  of 
species  known  to  occur  on  Vitis  is  greater  than  that  of  those  known 
most  on  other  genera  it  is  due  rather  to  the  fact  that,  from  their  im- 
portance in  horticulture,  they  have  been  more  carefully  studied 
than  because  other  genera  are  less  frequented  by  special  fungi. 

The  province  of  Venetia  is  probably  no  richer  in  fungi  than  other 
parts  of  the  world  but,  as  it  is  of  small  size  and  is  the  residence 
of  a  considerable  number  of  mycologists,  its  flora  has  been  more 
thoroughly  studied  than  that  of  this  country  and  we  can  obtain  a 
more  accurate  view  if  we  examine  statistics  of  the  Venetian  flora. 
Cuboni  and  Mancini  enumerate  sixtj'-five  species  of  fungi  which 
occur  on  the  chestnut  and  over  three  hundred  species  on  Quercus, 
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including  three  native  species  of  that  genus.  If  we  deduct  a  large 
number  for  species  which  are  not  found  exclusively  on  these  two 
genera  or  which  are  merely  secondary  forms  of  other  species,  we 
still  have  a  considerable  number  of  fungi  to  a  small  number  of 
Phsenogams.  Turning  to  the  American  flora,  we  find  that  the  spe- 
cies of  a  genus  as  erratic  as  Sarracenia  are  not  without  their  proper 
parasites,  for  on  four  species  of  Sarracenia  we  already  know  four 
species  of  fungi,  three  of  which  are  peculiar  to  the  genus.  The  list 
of  fungi  which  grow  on  oaks  in  the  United  States  includes  between 
five  hundred  and  six  hundred  species.  The  greater  part  however 
are  not  peculiar  to  oaks  and,  as  the  synonymy  of  the  species  is 
much  confused,  the  exact  number  of  fungi  known  on  all  our  oaks 
cannot  be  given  exactly.  On  Qaercus  alba  fifty-seven  and  on  Q. 
tinctoria  forty-six  species  are  reported,  about  a  quarter  or  possi- 
bly a  third  of  which  are  probably  peculiar  to  those  species. 

We  can  start  with  the  postulate  that  vegetable  parasites  must 
have  originated  at  an  early  epoch  and  must  have  been  derived 
from  non-parasitic  forms.  What  forms?  Here  we  enter  upon 
the  field  of  pure  speculation.  It  can  hardly  be  supposed  that  we 
shall  ever  know  what  was  the  earliest  form  of  life.  It  may  have 
been  some  protoplasmic  structure  which  was  neither  strictly  vege- 
table nor  animal.  Probably  the  earliest  forms  of  undoubted  plants 
were  unicellular  forms  like  Protococcus.  The  term  Protococcus,  as 
used  at  the  present  day,  includes  some  forms  which  are  claimed  by 
zoologists ;  whether  rightly  or  wrongly  is  a  question  which  need 
not  concern  us  for  some  Protococci  are  certainly  plants.  The  Pro- 
tococci  are  simple  green  cells  which  multiply  by  division  into  two, 
and  so  on,  and  which,  at  times,  also  produce  in  their  interior  zoo- 
spores which  escape  and  form  new  individuals. 

How  other  chlorophyll-bearing  plants  might  have  arisen  from 
Protococci  wc  cannot  stop  to  consider,  and  we  can  only  touch  upon 
the  possible  origin  of  the  colorless  parasites.  A  vegetation,  con- 
sisting of  simple  forms  like  Protococci,  once  established,  tliere  is 
no  reason  why  there  might  not  quickly  have  followed  parasites  of 
the  order  Chytridiacece,  the  species  of  which  abound  at  the  present 
day  in  both  salt  and  fresh  water.  The  simple  forms  of  the  order 
consist  of  colorless  cells  which  produce  in  their  interior  colorless 
zoospores,  which  escape  and  attach  themselves  to  submerged 
plants  and  animals. 

The  step  from  Protococcus  to  Chytridium  is  slight.     We  have 
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only  to  suppose  that  a  Protococcus  has  acquired  the  power  of  at- 
taching itself  to  other  Protococci  or  to  low  animals  and  has  grad- 
ually lost  the  chlorophyll  which  is  no  longer  of  service  to  a  plant 
in  a  position  to  absorb  nourishment  directly  from  living  organ- 
isms. Other  natural  changes  would  be  the  development  of  proc- 
esses for  attaching  the  Chytridium  to  the  host  or  for  enabling  it  to 
penetrate  the  walls  of  the  host  so  that  the  parasite  could  make  its 
way  into  the  interior.  In  short,  it  is  probable  that,  at  a  very  early 
epoch,  true  parasites  existed  essentially  like  our  present  Chytridia. 
If  the  first  plants  were  marine,  it  is  altogether  likely  that  the  first 
parasites  were  Chytridia,  if  we  can  judge  by  present  conditions. 
In  the  present  age  comparatively  few  species  of  fungi  grow  in 
salt  water.  The  few  that  we  have  belong  principally  to  the  Chy- 
tridiaceoe  and  are  abundant  enough  on  the  marine  algae  of  all 
groups.  Most  of  the  other  marine  fungi  are  forms  like  Leptothrix 
which  may  rather  be  regarded  as  degenerate  forms  of  Nostocs  or 
Schizophycece  than  as  forms  derived  from  anj'thing  like  Protococ- 
cus or  Chytridium.  It  is  certainly  true  that  there  are  very  few 
species  of  fungi  higher  than  Chytridium  or  Leptothrix,  if  one  can 
call  Leptothrix  a  fungus,  found  on  strictly  marine  plants.  There 
are  a  few,  however,  and  on  the  New  England  coast  the  stipes  of 
the  digitate  Laminarice,  while  yet  submerged,  are  attacked  by  a 
species  of  SphoereUa  belonging  to  the  Pyrenomycetes. 

Whether  the  filamentous  and  higher  forms  of  parasites  have 
been  derived  from  the  simple  Chytridia  is  not  easy  to  surmise. 
Among  existing  Chytridiacece  we  have  a  series  of  genera  in  some  of 
w^hich  there  are  simple  rhizoids,  and  in  others,  like  Cladochytrium, 
a  well-developed  mycelium.  Furthermore,  the  species  of,  at  least, 
three  Cladochytria  have  lost  the  aquatic  habit  and  live  in  the  tis- 
sues of  Iris,  Menyanthes  and  Sanicula.  In  Polyphagus,  Nowakow- 
ski  has  also  observed  a  conjugation  of  the  mycelium  of  two  indi- 
viduals. Admitting  the  fugitive  character  of  the  mycelium  of 
Chytridiacece,  there  is  still  no  reason  why  the  filamentous  fungi 
might  not  have  developed  from  species  of  this  order.  The  zoo- 
spore-bearing  cells,  as  the  parasite  lost  its  aquatic  habit  and  be- 
came aerial,  might  naturally  be  transformed  into  sporangia  with 
non-motile  spores,  like  those  of  Mucor,  and,  as  it  acquired  the 
power  of  growing  in  solid  tissues,  one  of  the  conjugating  cells 
would  advantageously  be  developed  into  a  pollinodium,  and  we 
should  then  find  oosporlc  forms.  But  it  is  hardly  worth  while  con- 
tinuing the  chain  of  possibilities  further  in  this  direction. 


246  SECTION    F. 

As  I  have  said,  it  seems  to  me  not  unreasonable  to  suppose  that 
true  parasites  may  have  originated  at  a  very  remote  period  prima- 
rily from  non-parasitic  plants.  But  we  must  also  consider  an- 
other question.  Is  it  not  more  probable  that  saprophytes  were 
first  developed  and  from  them  arose  the  true  parasites?  The  line 
between  saprophytes  and  true  parasites  is  not  well  defined  among 
existing  plants.  Some  species  might,  with  sufficiently  good  rea- 
son, be  placed  in  either  class,  for  what  are  called  by  Van  Tieghem 
facultative  parasites  may  live  ordinarily  as  saprophytes  and  yet 
at  times  live  a  truly  parasitic  existence.  The  great  majority  of 
fungi  are  saprophytes,  and  De  Bary  has  shown^  in  an  instructive 
way  how  Peziza  sclerotiorum,  during  a  part  of  its  existence,  is  a 
saprophyte  and  becomes  later  a  true  parasite.  The  germinating 
spores  will  not  penetrate  the  living  cells  of  the  carrot  on  which 
the  mature  forms  of  the  fungus  is  found,  but  live  a  saprophytic 
existence  for  some  time.  After  they  have  attained  a  certain 
growth  and  strength  they  are  then  able  to  make  their  way  into  the 
carrot  which  they  destroy.  The  mechanism  is  as  follows :  after 
a  certain  time  the  saprophytic  hyphse  excrete  an  oxalate  which  is 
able  to  destroy  the  superficial  cells  of  the  carrot  with  which  the 
hyphse  may  come  in  contact,  and  the  fungus  then  makes  its  way 
into  the  plant.  It  is  probable  that  a  considerable  number  of 
saprophytes  may  act  in  the  same  way  as  Peziza  sclerotiorum,  and  it 
is  not  impossible  that  a  good  many  existing  saprophytes  are  devel- 
oping into  parasites,  and,  if  the  present  state  of  things  correctly 
represent  what  has  always  been  going  on,  it  would  lead  us  to  be- 
lieve that  the  sapropliytes  first  came  into  existence  and  the  para- 
sites followed.  Since  actual  knowledge  is  out  of  the  question, 
one  can  take  either  theory  without  denying  the  other  in  toto.  The 
probabilities  seem  to  me  to  favor  the  origin  of  Chytridia  from 
Protococci,  if  we  regard  the  morphological  rather  than  the  physi- 
ological side  of  the  question.  How  far  tlie  first  Chytridia  were 
true  parasites  rather  than  saprophytes  may  be  questioned.  De- 
cidedly the  majority  of  the  living  species,  I  should  say,  are  para- 
sites, but  in  some  the  parasitism  is  not  well-marked,  and  they  may 
be  conveniently  called  epiphytic. 

Still  another  possibility  must  be  considered.  May  we  not  suppose 
that  the  first  living  beings  were  protoplasmic  bodies,  neither  plants 
nor  animals,  or  both,  if  you  please,  and  from  them  parasitic  and 

eBot.  Zeit.,  1S86. 
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non-parasitic  plants  were  simultaneously  developed?  Orders  like 
Myxomycetes  might  perhaps  lead  us  to  suppose  that  this  view  was 
the  true  one.  But  it  may  be  assuming  too  much  to  suppose  that 
Myxomycetes  are  plants  at  all.  If  they  are  plants,  they  have  re- 
mained in  a  low  condition  and  have  no  offshoots  represented  by 
higher  forms  of  plants.  There  appears  to  be  only  one  way  to  find 
out  whether  a  given  structure  is  a  plant  or  an  animal,  and  that  is 
to  see  whether  it  is  described  in  zoological  or  botanical  manuals. 
Unfortunately,  this  does  not  help  us  in  the  case  of  the  Myxomyce- 
tes. We  can  safely  say,  however,  that  the  more  highly  developed 
parasites  have  not  been  developed  from  Myxomycetes^  and  there  is 
very  little  to  lead  us  to  believe  that  parasitic  and  non  parasitic 
plants  were  simultaneously  developed  from  primitive  protoplasmic 
structures. 

It  has  already  been  stated  that  phaenogamic  parasites  should  be 
regarded  as  degenerate  forms  of  other  Phaenogams.  Their  line  of 
development  is  not  through  the  parasites  of  the  class  of  fungi.  If 
one  is  willing  to  believe  that  the  first  parasites  were  Chytridiacece, 
or  something  very  much  like  them,  from  which  it  is  possible  some 
of  the  filamentous  zygosporic  and  oosporic  fungi  have  been  grad- 
ually developed,  he  is  not,  however,  forced  to  believe  that  such  a 
course  of  development  is  probable  as  well  as  possible.  The  class  of 
fungi  is  not  a  homogeneous  one.  It  is  rather  an  assemblage  of  forms 
which  have  certain  common  physiological  resemblances  but  marked 
morphological  differences.  When  one  regards  fungi  as  a  single 
class  of  plants  and  attempts  to  trace  a  clear  connection  between  the 
highest  and  lowest  members  he  finds  numerous  gaps  which  cannot 
well  be  filled.  A  general  parallelism,  however,  exists  between 
chlorophyll-bearing  algae  and  fungi,  and  one  is  forced  to  ask  whether 
the  order  of  development  has  not  been  from  the  lowest  to  the  highest 
algae — the  class  of  algae  being  more  homogeneous  than  that  of  fungi 
— and  whether  the  fungi  have  not  arisen  not  from  any  one  primitive 
group  of  algae  but  from  different  groups  of  algae  at  different  periods 
in  the  progress  from  below  upward. 

This  view  seems  to  be  more  in  accord  with  existing  facts  than 
any  other  and  brings  phaenogamic  parasites  into  harmony  with  the 
rest.  If  the  phaenogamic  parasites  may  be  regarded  as  derived 
directly  from  other  Phamogams^  so  ChytricUaceoe  may  be  supposed 
to  be  derived  from  Protococcacece.  It  may  be  that  some  of  the 
zygosporic  and  oosporic  fungi  have  come  from  the  ultimate  devel- 
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opment  of  ChytricUacecB  but  it  is  more  natural  to  suppose  that  the 
greater  part  of  tliem  are  direct  derivatives  of  zygosporic  and  oospo- 
ric  algae.  Special  applications  of  this  theory  would  lead  to  so 
many  technical  details,  that  they  must  be  omitted  on  the  present 
occasion.  In  general,  if  the  theory  is  accepted,  we  should  expect 
that  the  fungi  first  derived  from  any  group  of  algse  would  exhibit 
the  characteristic  modes  of  reproduction.  In  the  sexual  repro- 
duction both  groups  are  much  alike  and,  if  there  are  fungi  at  the 
present  day  whose  reproduction  is  different  from  that  of  any  algae, 
it  is  because  the  reproduction  has  assumed  more  and  more  a  non- 
sexual character  until,  as  in  some  groups  of  what  are  called  higher 
fungi,  sexualit}'  has  quite  disappeared,  as  is  supposed  to  be  the 
case  in  Basidiomycetes.  It  is  sometimes  said  that  non-sexual 
modes  of  reproduction  always  precede  the  sexual.  This  is  true 
only  to  a  certain  extent.  It  may  be  true,  for  instance  that,  in  the 
earliest  forms  which  had  zoospores,  the  zoospores  were  at  first  non- 
sexual and  afterwards  acquired  the  power  of  conjugating.  But  in 
fungi,  where  we  have  more  non-sexual  forms  of  reproduction  than 
anywhere  else,  they  must,  in  most  cases,  be  regarded  as  secondary 
and  degraded,  not  primary  forms. 

Fungi  are  plants  which  depart  more  and  more  from  what  we  may 
call  typical  plants.  When  we  speak  of  higher  plants  we  mean 
those  in  which  the  organs  of  assimilation  and  sexual  reproduction 
exhibit  a  high  degree  of  differentiation.  When  we  speak  of  higher 
fungi,  however,  we  refer  to  forms  in  which  the  vegetative  organs 
are  represented  merely  by  a  system  of  colorless  threads  and  in 
which  the  sexual  reproduction  is  seldom  well  marked,  if  it  exists 
at  all,  and  they  can  be  called  high  only  in  the  sense  that  their 
numerous  and  often  complicated  modes  of  non-sexual  reproduc- 
tion are  better  developed  than  in  what  are  called  the  lower  fungi. 
In  the  struggle  for  existence  among  the  higher  plants  those  succeed 
best  which  are  best  able  to  assimilate  crude  material  in  the  grow- 
ing season  and  have  the  largest  provision  of  seeds  and  reservoirs 
of  assimilated  food  to  carry  them  over  the  season  of  rest.  In  the 
struggle  for  existence  among  fungi,  although  there  is  an  advan- 
tage if  the  mycelium  is  able  to  assume  an  indurated  condition, 
like  the  sclerotia,  at  seasons  unfavorable  for  growth,  it  is  of  much 
greater  importance  that  there  should  be  a  variety  of  reproductive 
bodies  some  of  which,  at  least,  are  light  and  easily  transported 
while  others  are  denser  and  better  able  to  endure  extremes  of  tem- 
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perature  and  moisture  so  that  the  fungus  may  be  able  to  take  ad- 
vantage of  any  chance  which  may  arise  should  the  proper  host  be 
present.  How  well  they  are  able  to  take  advantage  of  temporary 
favorable  conditions  is  shown  in  the  rapid  spread  of  epidemic  dis- 
eases caused  by  fungi. 

But  it  is  better  not  to  pursue  the  subject  further.  "What  I  have 
already  said  will,  I  fear,  appear  to  you  too  vague  and  uncertain,  for 
the  balancing  of  possibilities,  although  pardonable  in  philosophjs 
should  not  be  carried  too  far  in  natural  science.  Of  course  no  cele- 
bration of  our  national  anniversary  is  complete  without  a  balloon 
ascension,  and  the  more  gas  the  better,  provided  the  aeronaut,  or  as 
the  papers  generally  call  him,  the  professor,  only  lands  safely.  So 
our  Society  sends  up  its  annual  balloons  in  the  shape  of  addresses 
in  which  the  professors  are  allowed  to  soar  above,  though  not  out 
of  sight  of  facts.  But  they  must  not  remain  too  long  up  in  the 
air  and  the  gas  for  their  balloons  should  be  generated  in  the  lab- 
oratory of  experience  and  stud3^  In  their  every-day  work,  it 
seems  to  me  that  the  attitude  of  botanists,  at  the  present  day,  is 
the  correct  one.  Following  the  prevailing  tendency  in  business 
affairs  the  question  they  ask  of  plants  is  not  so  much,  "  Who  is 
3'our  father  and  where  did  3'ou  come  from?"  as  "  What  can  you 
do?" 
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Brmarks  on  classification.     By  Prof.  Burt  G.  Wilder,  Ithaca,  N.  Y. 

[ABSTRACT']. 

The  accompanying  arrangement  of  the  Metazoa  up  to  the  mammalia  is 
partial  and  mostly  provisional.  It  is  wholly  dichotomous.  All  the  divi- 
sions are  based  upon  the  conditions  of  the  cavity  of  the  central  nervous 
system.  The  names  are  largely  correlated  and  refer  to  characters  which 
are  constant  and  peculiar.* 

Two-fold  divisions  are  not  uncommon  but,  so  far  as  known  to  the  writer, 
dichotomy  has  not  been  distinctly  recognized  as  a  fundamental  principle 
in  natural  classification.  Polychotomy  is  probably  always  provisional  and 
not  wholly  natural. 

The  superior  taxonomic  value  of  the  brain  and  heart  was  insisted  upon 
by  the  writer  in  1875 ;'  more  recently  he  has  been  impressed  with  the  pro- 
found morphological  significance  of  the  neuroccele  or  cavity  of  the  central 
nervous  system.  This  cavity  persists  in  all  ordinary  vertebrates  and  in 
Branchiostoma  and  exists  in  the  early  stages  of  Tunicates.  It  has  not 
been  observed  in  any  other  "  Invertebrates  "  excepting,  perhaps,  Balano- 
glossus  (Bateson).  The  "  Invertebrates,"  then,  are  Stereoneura,  wliile  the 
former  are  Coeloneura,  this  being  equivalent  to  Chordata. 

The  writer  cares  less  for  the  adoption  of  Coeloneura  and  Stereoneura 
than  for  the  admission  that  soft  parts  are  not  only  physiologically  but 
morphologically  more  significant  than  hard ;  that  the  neuron  (cerebro-spi- 
nal  axis)  Is  more  important  than  the  axon  (skeletal  axis) ;  and  that  the 
cavity  of  the  one  is  a  more  substantial  basis  for  the  primary  subdivision 
of  the  Metazoa  than  is  the  entire  mass  of  the  other. 

Perhaps  the  first  division,  however,  should  be  into  those  in  which  dis- 
tinct nervous  centres  have  been/ound  (Neurica)  and  those  in  which  they 
have  not  (Aneurica). 

If  the  name  Vertebrata  Is  retained,  there  should  be  an  understanding  as 
to  whether  it  shall  exclude  Branchiostoma  or  include  it,  or  include  the 
Tunicates  as  well. 

>The  paper  has  been  published  in  the  American  Naturalist,  October,  1887,  pp.  914- 
917. 

«  On  this  point  see  the  writer's  "  Educational  Museums  of  Vertebrates,"  Amer. 
AsBoc.  Proc,  1885,  p.  276. 

*  The  brains  of  Gauoids;  Amer.  Assoc.  Proc,  187S,  p.  189. 
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Among  the  Meganlica  the  Ganoids  and  Teleosts  constitute  "fishes"  or 
Pisces.  In  the  former,  the  olfactory  ventricles  are  considerable ;  in  the 
latter  absent  or  insignificant. 

The  idea  of  dividing  the  Metazoa  according  to  the  presence  or  absence 
of  the  neuroccBJe  was  first  recorded  by  the  writer  on  November  27,  1883  ; 
the  words  Stei'eoneura  and  Coeloneura  are  dated  April  3,  1885 ;  F.  Jefl'ry 
Bell's  commentary  on  the  cavity  of  the  cerebro-spinal  axis  of  Chordata 
was  first  seen  March  13,  1886;  in  January  of  that  year,  in  lectures  to  stu- 
dents and  in  a  letter  to  Prof.  J.  H.  Corastock,  a  general  scheme  of  dichot- 
omous  classification  was  presented  in  substantially  the  form  here  given. 

r-avrnpsida  =  reptiles-}- birds;  mes-         Mammalia,  mesocoele   tubular;    mesocoeliaa 
ocoele  laterally  extended;  root  bilo-  roof  quadrllobale. 

bate.  ^   I 

.(4na»nfotrt  ^  branchiata  =  Ampbibia         Amniota  =  a.hranch'mtn;  aulic  floor  approx- 
+  Dipnoi ;  aulic  floor  approximately  imately  vertical ;  Reptiles,  Birds,  Mammals, 

horizontal. 

Megaulica  (aula  large)  ;cerebral  hem-     \! 
ispheres  extended  horizontally,  or         MicrauUca    (aula    small);    cerebral    hemis- 
undifl-erentiated ;  =  Iclithyopsida  —  pberes  extended  vertically ;  Amphibia,  Dip. 

Ampliibia,  Dipnoi   and     Branchio-  ^*''>  Reptiles,  Birds  and  Mammals, 

stoma. 

Monocoelia     (encepbalocoele    single;  ^4 

neuion  epaxal  only)  =cephalochor.         Polycalia  =  craniata  =  pachycardia  =  mul- 

da  =  acrania  =  loptocardia  =  mon-  tilocularla;  neuron  partly  preaxal. 

olocularia.     Brancbiostoma.  \J 

Criiptocalia    (neuroccele    transitory)         Phenocalia  (neurocoele    persistent)  =  Meta- 

=  Ametamera=Urocliorda=Tuni.  mera=  Brancbiostoma -|-otlier  vertebrates. 

cates.  \J 

_.                    ,                                     ,. ,  Coeloneura   (hollovr   neuron  =  Chordata  (-|- 

Stereoneura   (nervous    centers    solid  „  ,                 .    ^^ 

■e             ^N             ..IT         .  ,            „  Enteropneusta ?). 

if  present)  =  most  "Invertebrates." 

Metazoa. 


EVIDKNCK  CONFIRMATORY   OF   MaSTODON  OBSCURUS   LeIPY,  AS  AN  AMERI- 
CAN SPECIES.     By  R.  P.  Whitfield,  New  York,  N.  Y. 

In  1852  Dr.  J.  Warren  figured  and  described  a  Mastodon  tooth  supposed 
to  be  from  Maryland,  considering  it  as  a  new  species  but  calling  it  pro- 
visionally M.  angustidens,  fearing  it  might  be  European.  Subsequent  evi- 
idence,  however,  showed  it  to  be  from  Miocene  beds  near  Greensboro, 
Caroline  Co.,  Md.  Later  Dr.  Leidy  described  his  31.  obscurus  (Ext.  Mam- 
malia N.  Am.,  p.  396)  from  a  molar  tooth  in  the  collection  of  the  Acad. 
N.  S.  Phil.,  and  a  cast  of  that  used  by  Dr.  Warren,  the  '« Baltimore  tooth." 
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This  species  M.obscurus  has  been  questioned  owing  to  the  uncertainty  of 
the  material  used,  none  of  them  having  known  localities.  In  1884  (Am. 
Naturalist,  p.  526)  Professor  Cope  says  it  "  rests  on  a  lower  molar  of  un- 
certain origin"  and  that  "  its  relations  have  yet  to  be  determined." 

Among  Mastodon  remains  in  tiie  Am.  Mus.  Nat.  History,  I  find  two 
sixth  molar  teeth  corresponding  to  the  "  Baltimore  tooth  "  of  Dr.  War- 
ren, and  to  Dr.  Leidy's  M.  obsciirus.  They  are  from  the  collection  of  Dr. 
F.  S.  Holmes  and  were  dredged  from  the  rivers  near  Charleston,  S.  C, 
one  of  them  bearing  on  its  surface  evidences  of  this  in  the  numbers  of 
Balani  parasitic  upon  it. 

The  largt-r  tooth  measures  7|  inches  in  length,  and  is  a  sixth  molar  from 
the  right  side  of  the  lower  jaw.  The  cusps  are  but  little  worn,  showing 
but  little  use.  Its  outline  is  rounded  at  each  end,  and  somewhat  wider 
behind  the  middle  than  in  front.  It  bears  four  transverse  ridges  and  a 
posterior  spur;  the  latter  uniting  with  the  fourth  ridge  so  as  to  form  an 
imperfect  circle,  hollow  in  the  middle.  The  three  anterior  ridges  are  each 
composed  of  four  prominent  nipple-shaped  tubercles  or  cusps,  imperfectly 
separated  by  vertical  channels ;  while  the  ridges  are  separated  by  deep, 
rather  wide  valleys,  interrupted  along  the  median  line  by  smaller  and  lower 
tubercles  jutting  out  from  the  principal  ridges,  and  would  in  wearing  down 
present  the  clover-leaf  or  cruciform  pattern  characteristic  of  tlie  worn 
tooth  of  the  M.  longirostris  group.  There  is  present  also  a  strong  cingu- 
lum,  or  basal  band,  which  is  strongly  crenulated  on  the  inner  side  of  the 
tooth,  but  nearly  obsolete  on  the  outside.  The  basal  margin  of  the  tooth 
is  strongly  lobed  at  the  ridges,  and  the  surface  of  the  tubercles  beauti- 
fully marked  with  fine  longitudinal  wrinkled  lines,  which  have  extended 
over  much  of  the  surface.  The  roots  or  fangs  are  constricted  below  the 
cingulum,  and  are  bent  backward  obliquely  from  the  plane  of  the  crown. 
The  enamel  is  thick  and  much  blackened,  as  are  most  of  the  remains 
dredged  from  the  Ashley  and  Cooper  rivers. 
The  second  tooth  is  much  smaller  and  much  worn. 

These  teeth,  as  also  those  used  by  Dr.  Leidy,  and  Dr.  Warren's  "Balti- 
more tooth"  closely  resemble  those  of  M.  longirostris,  more  than  those  of 
M.  augustidens,  to  which  species  Dr.  Warren  referred  it. 

From  the  location  from  which  these  specimens  must  have  come  it  would 
appear  doubtful  if  they  can  with  safety  be  referred  to  any  definite  geolog- 
ical horizon,  as  material  from  beds  of  different  ages.  Eocene,  Miocene 
and  Postpliocene  are  found  associated  in  the  dredgings.  But  Dr.  Em- 
mons in  his  report  on  the  North  Carolina  Geological  Survey,  1858,  page 
199,  figures  a  three-ridged  tooth  of  this  species,  obtained  from  beds  of 
Miocene  age,  and  the  locality  of  Dr.  Warren's  specimen  is  now  known  to 
be  Miocene ;  so  we  may  safely  consider  it  as  pertaining  to  an  older  geo- 
logical epoch  than  M,  gigarUeus. 

Note.— Since  reading  the  above  paper  the  author  has  examined  a  large  collection  of 
teeth  from  dredgings  near  Charleston,  S.  C,  most  of  which  pertain  to  this  species,  but 
presenting  features  similar  to  both  Af.  anguatiUena  and  Jif.  longiroatria. 
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The  pinkal  eyk  ix  kxtinct  Vertkbrata.    By  Prof.  E.  D.  Cope,  Phila- 
delphia, Pa. 

[ABSTRACT.] 

The  foramina  in  the  upper  surface  of  the  head  in  Bothriolepis  and  Myc- 
terops  were  described. 

The  same,  with  the  cast  of  the  brain  case  of  the  Diudectes  phaseoUnus 
was  described. 

The  cast  of  the  brain  case  of  Belodon  buceros  was  described! 


The  mechanical  origin  of  the  sectorial  teeth  of  the  Carnivora. 
By  Prof.  E.  D.  Cope,  Philadelphia,  Pa. 

1.  Origin  of  the  tritubercular  molar. 
That  primitive  mammalia  had  simply  conical  teeth  throughout'  is  indi- 
cated by  their  reptilian  origin.  The  number  of  teeth  in  some  of  the  Ju- 
rassic genera,  premolars  four,  molars  eight,  is  in  excess  of  that  typical 
of  Mammalia,  approaching  in  this  respect,  also,  the  Reptilia.  Teeth  with 
simple  crowns  alternate  in  each  jaw  with  those  of  the  opposite  one.  The 
first  step  in  complication  has  been  the  addition  of  a  basal  cusp  at  each  face, 
one  anterior,  the  other  posterior.*  This  stage  is  seen  in  the  genus  Tri- 
conodon,  Owen.  These  cusplets  fill  up  the  spaces  between  the  teeth,  and 
thus  produce  a  certain  amount  of  interference  between  those  of  opposite 
jaws.  As  the  lower  jaw  closes  within  the  upper,  a  wedging  movement  be- 
tween parts  of  the  teeth  which  oppose  each  other  takes  place.  It  results  that 
the  cusplets,  being  opposite  to  each  other,  experience  a  greater  lateral 
pressure  than  the  large  central  cusps.  The  effect  of  the  collision  be- 
tween the  cusplets  would  be  to  emphasize  the  relation  still  more;  that  is, 
the  cusplets  of  the  upper  jaw  would  be  wedged  outward,  while  those  of 
the  lower  jaw  would  be  pressed  inward,  the  major  cusps  retaining  at  first 
their  original  position.  But  with  increase  of  the  size  of  the  teeth  with 
all  the  cusps,  the  major  cusps  would  soon  assume  in  each  jaw  a  position 
more  or  less  transverse  to  that  of  the  cusplet  in  both  jaws,  producing,  as  a 
result  of  the  crowding,  crowns  with  triangular  section. 

2.  Modifications  of  the  tritubercular  molar. 
The  first  modification  of  the  tritubercular  lower  molar  of  the  lower 
jaw  is  the  addition  of  a  low  cingulum  at  the  posterior  base.  This  is 
seen  in  a  rudimentary  condition  in  various  living  species  of  the  Centeti- 
dse  and  Chrysochlorididse  of  the  Insectivorous  order;  but  in  these  exist- 
ing forms  the  superior  molar  has  added  a  posterior  cingulum  also,  which 

1  On  the  Homologies  of  the  Molar  Teeth  in  the  Mammalia  Educabilia,  Journal  Acad- 
emy, Philadelphia,  1874. 

2  American  Naturalist,  1885,  p.  350. 
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widens  internally  or  towards  the  palate.  In  the  evolution  of  the  denti- 
tion, the  inferior  posterior  cingulum  or  "  heel"  was  developed  first  as  in 
the  genera  Deltatherium,  Didelphodus  and  Stypolophus,  where  it  is  quite 
large,  while  the  superior  cingulum  is  wanting  in  Stypolophus  and  Didel- 
phodus, but  is  present  in  a  very  rudimentary  condition  in  Deltatherium 
fundaminis.  In  all  of  these  genera  the  external  cusps  of  the  superior  se- 
ries have  been  pressed  inwards,  and  more  or  less  together,  and  are,  there- 
fore, removed  in  this  respect  from  the  primitive  condition.  The  more 
primitive  state  of  the  superior  cusps  is  seen  in  some  species  of  Mioclajnus 
where,  however,  the  posterior  cingulum  is  developed.  The  primitive 
type  of  tritubercular  superior  molar  is  that  of  Sarcothraustes,  and  in  the 
same  genus  the  inferior  molar  only  diflFers  from  the  primitive  type  in  hav- 
ing a  well-developed  heel.  Among  recent  mammals  the  carnivorous  and  in- 
sectivorous marsupials  generally  have  the  tritubercular  lower  molar  with 
heels.  In  the  Chiroptera  and  many  Insectivora  the  heel  is  largely  devel- 
oped and  supports  two  cusps,  as  it  does  in  some  Creodonta. 

From  this  point  the  evolution  of  the  tritubercular  molar  must  be  con- 
sidered from  two  standpoints.  The  first  is  the  mechanical  cause  of  the 
changes  in  its  form,  and  the  second  is  the  mechanical  cause  of  its  definite 
location  in  a  particular  part  of  the  jaw.  For  it  is  now  well  known  that 
in  the  evolution  of  the  sectorial  dentition  of  the  Carnivora,  the  number  of 
molars  and  premolars  has  considerably  diminished. 

In  the  tritubercular  dentition  the  crowns  proper  of  one  jaw  alternate 
with  those  of  the  other,  while  the  heels  in  either  jaw  will  oppose  such 
part  of  the  crown  of  the  teeth  in  the  opposite  jaw  as  come  in  contact 
with  tliem  when  in  use.  The  development  of  the  heel  in  the  inferior  mo- 
lars produced  a  type  which  is  known  as  the  tuberculo-sectorial.  This 
type  characterizes  the  Creodonta  or  Eocene  flesh-eaters.  Three  such 
teeth  existed  in  most  members  of  that  sub-order. 

The  successive  modifications  of  form  which  have  resulted  in  the  exist- 
ing specialized  single  sectorial  tooth  of  the  Feiidse  have  been  already 
pointed  out.'  They  were  shown  to  consist  In  the  gradual  obliteration  of 
the  internal  and  posterior  tubercles  and  the  enlargement  of  the  external 
and  anterior  tubercles  of  the  primitive  triangle,  together  with  the  extinc- 
tion of  the  heel.  The  modification  in  the  character  of  the  dentition,  taken 
as  a  whole,  was  shown  to  consist  in  the  reduction  in  the  number  of  the 
teeth,  including  the  sectorials,  until  in  Fells,  etc.,  we  have  almost  the  en- 
tire function  of  the  molar  series  confined  to  a  single  large  sectorial  in 
each  jaw. 

The  genesis  of  the  sectorial  tooth  is  explained,  as  follows  :  In  consequence 
of  the  fact  that  the  lower  canine  tooth  shuts  anterior  to  the  superior  ca- 
nine, the  result  of  the  enlargement  of  the  diameters  of  those  teeth  will 
be  to  cause  the  crowns  of  the  inferior  teeth  to  be  drawn  from  behind  for- 
wards against  those  of  the  superior  teeth  at  the  moment  of  closing  the 
jaw.    Thus,  a  shearing  motion  has  resulted  between  the  anterior  external 

*  American  Nnturalist,  Marcb,  1879. 
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edge  of  the  lower  triangle  and  the  posterior  internal  edge  of  the  superior 
triangle.  Now,  the  true  sectorial  teeth  consist  in  the  enormous  extension 
of  these  same  edges,  in  a  fore  and  aft  direction,  the  inferior  shutting  in- 
side of  the  superior.  To  account  for  the  development  of  these  blades,  we 
must  understand  that  the  oblique  pressure  of  the  front  edge  of  the  lower 
molar  tooth  on  the  hind  edge  of  the  superior  molar  tooth  has  been  con- 
tinued for  a  very  long  time.  "We  must  then  observe  that  the  internal  tu- 
bercle of  the  superior  triangle  has  been  pushed  continually  forwards  and 
been  reduced  to  a  very  small  size.  Why  should  this  occur?  Why  should 
not  the  corresponding  tubercles  of  the  inner  side  of  the  lower  crown  have 
been  pushed  backward,  since  action  and  reaction  are  equal.  The  reason 
is  clear:  the  superior  tubercle  is  supported  by  but  one  root,  while  the  re- 
sistant portion  of  the  inferior  crown  is  supported  by  two,  thus  offering 
twice  the  resistance  to  the  pressure  that  the  superior  does.  But  why 
should  the  anterior  part  of  the  inferior  tooth  move  forward,  even  if  it  be 
in  the  direction  of  least  resistance?  This  is  due  to  the  regular  increase 
in  size  of  the  teeth  themselves,  an  increase  which  can  be  traced  from  the 
beginning  to  the  end  of  the  genealogical  series,  and  this  increase  is  the 
usual  result  of  use. 

The  excess  of  the  forward  pressure  of  the  inferior  teeth  against  the  su- 
perior, over  any  backward  pressure,  has  left  the  posterior  internal  cusp  of 
the  triangle  of  the  inferior  molar  without  contact  or  consequent  func- 
tional use.  It  has  consequently  gradually  disappeared,  having  become  small 
in  the  highest  Canidae,  wanting  in  some  Mustelidse  and  all  Felidse.  The 
heel  of  the  same  tooth  has  had  a  similar  history.  With  the  diminution  in 
size  of  the  first  superior  tubercular,  with  which  it  comes  in  opposition  in 
mastication,  its  functional  stimulus  also  diminished  and  disappeared, 
sometimes  a  little  sooner  (Felida;),  and  sometimes  a  little  later  (Hjseni- 
dae)  than  that  tooth. 

3.    Location  of  the  sectorial  tooth. 

The  specialization  of  one  tooth  to  the  exclusion  of  others  as  a  sectorial, 
appears  to  be  due  to  the  following  causes :  It  is  to  be  observed  in  the  first 
place  that  when  a  carnivore  devours  a  carcass,  it  cuts  off  masses  with  its 
sectorials,  using  them  as  shears.  In  so  doing  it  brings  the  part  to  be  divided 
to  the  angle  or  canlhusof  the  soft  walls  of  the  mouth  which  is  at  the  front  of 
the  masseter  muscle.  At  this  point,  the  greatest  amount  of  force  is  gained, 
since  the  weight  is  thus  brought  immediately  to  the  power,  which  would 
not  be  the  case  were  the  sectorial  situated  much  in  front  of  the  masseter. 
On  the  other  hand,  the  sectorial  could  not  be  situated  lariher  back,  since 
it  would  then  be  inaccessible  to  a  carcass  or  a  mass  too  large  to  be  taken 
into  the  mouth. 

The  position  of  the  sectorial  tooth  being  thus  shown  to  be  dependent  on 
the  masseter  muscle,  it  remains  to  ascertain  a  probable  cause  for  the  rela- 
tion of  the  latter  to  the  dental  series  in  modern  Carnivora.  Why,  for  in- 
stance, were  not  the  last  molars  modified  into  sectorial  teeth  in  these 
animals,  as  in  the  extinct  Hyceuodon  and  various  Creodonta?    The  answer 
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obviously  is  to  be  found  in  the  development  of  the  prehensile  character  of 
the  canine  teeth.  It  is  probable  that  the  gape  of  the  mouth  In  the  Hyseno- 
dons  was  very  wide,  since  the  masseter  was  situated  relatively  far  posteri- 
orly. In  such  an  animal  the  anterior  parts  of  the  jaws  with  the  canines 
had  little  prehensile  power.  They,  doubtless,  snapped  rather  than  lacerated 
their  enemies.  The  same  habit  is  seen  in  the  existing  dogs,"*  whose  long 
jaws  do  not  permit  the  lacerating  power  of  the  canines  of  the  Felidce,  though 
more  effective  in  this  respect  than  those  of  the  Hycenodons.  The  useful- 
ness of  a  lever  of  the  third  kind  depends  on  tlie  approximation  of  the 
power  to  the  weight;  that  is,  in  the  present  case,  the  more  anterior  the 
position  of  the  masseter  muscle,  the  more  effective  the  canine  teeth. 
Hence,  it  appears  that  the  relation  of  this  muscle  to  the  inferior  dental 
series  depended  originally  on  the  use  of  the  canines  as  prehensile  and 
lacerating  organs,  and  that  its  insertion  has  advanced  from  behind  for- 
wards in  the  history  of  carnivorous  types.  Thus,  it  is  that  the  only 
accessible  molars,  the  fourth  above  and  the  flftli  below,  have  become 
specialized  as  sectorials,  while  the  fifth,  sixth  and  seventh  have,  first, 
remained  tubercular  as  in  the  dogs,  or,  secondly,  have  been  lost,  as  in  hy- 
enas and  cats. 

The  reduction  in  the  number  of  the  molars  directly  as  the  increase 
In  the  size  of  the  canines  commenced  as  early  as  the  Jurassic  periods  in 
certain  types,*  as  In  Triconodon,  Owen,  and  Paurodon,  Marsh,  where  the 
canines  are  large  and  the  molars  few. 

The  reduction  of  the  molars  directly  as  the  increase  in  size  of  the  inci- 
sors is  also  seen  in  the  Rodentia  and  Proboscidla.  The  mechanical  rea- 
sons for  this  differ  from  those  effective  in  the  case  of  flesh-eating  Mam- 
malia, and  will  be  treated  at  another  time  and  place. 


Remarks  on  the  development  of  Petromyzon.    By  Prof.  W.  B.  Scott, 

Princeton,  N.  J. 

[abstract.] 

My  paper  in  the  Morphologisches  Jahrbuch  for  1881  gives  an  account 
of  the  development  of  Petromyzon  down  to  the  time  of  hatching,  but 
many  important  steps  take  place  during  the  larval  condition.  In  the  cen- 
tral nervous  system  all  the  parts  are  already  present  and  the  only  clianges 
which  occur  are  in  the  form  and  proportions  of  these  parts,  the  most  re- 
markable being  the  correction  of  the  cranial  flexure,  which  is  almost  com- 
plete and  real,  not  apparent  as  in  the  higher  vertebrates;  the  upper  lip 
and  neighboring  structures  rotating  through  180°,  which  has  a  profound 
effect  upon  the  development  of  the  head.  The  nasal  epithelium  arises 
from  a  thickening  of  the  epiblast  median  in  position  and  originally  on  the 
ventral  side  of  the  head;  the  rotation  and  growth  of  the  upper  lip  bring  it 

*  Excepting  in  the  i)nll-dogr,  whose  muzzle  is  as  short  as  that  of  the  Felidae. 
•My  friend,  Prof.  H.  F.  Osborn.has  directed  my  attention  to  this  fact. 

A.   A.    A.   8.,   VOL.   XXXVL  17 
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to  the  dorsal  side  of  the  head  and  give  it  a  deeper  seat.  The  folds  ap- 
pear very  late  in  larval  life  just  before  metamorphosis.  A  diverticulum 
from  the  base  of  the  nasal  sac  becomes  by  successive  stages  a  glandular 
structure  which  may  be  homologous  with  Jacobson's  Organ.  The  hypo- 
physis is  derived  from  a  prolongation  of  the  nasal  sac  originally  separate 
from  it.  Dohrn's  interpretation  of  this  is  manifestly  erroneous.  The  eye 
is  peculiar  in  that  only  a  small  part  of  the  outgrowth  from  the  brain  be- 
comes the  retina,  due  to  the  fact  that  during  larvallife  tiie  eye  is  function- 
less.  The  cranial  and  spinal  nerves  are  outgrowths  from  the  central  axis. 
Though  in  some  of  the  foi'mer  the  ganglia  are  derived  partially  from  the 
epiblast.  The  branchial  sense  organs  are  found  independently  and  much 
later  than  the  ganglia.  The  cranial  nerves  back  of  the  ear  and  all  the 
spinal  nerves  are  at  first  connected  by  a  continuous  commissure.  The  ix 
and  X  nerves  are  at  first  composed  of  many  separate  nerves  and  ganglia 
but  early  coalesce  into  a  very  complex  mass. 


Origin  of  American  Carnivora.      By  Prof.  "W.  B.  Scott,   Princeton, 

N.  J. 

[ABSTRACT.] 

In  the  lower  Eocene  of  the  United  States  no  true  Carnivora  occur,  and 
probably  not  in  the  middle  or  Bridger  Eocene.  Here,  however,  we  find 
the  Miacidce  a  family  of  Creodonts,  diflering  from  all  other  families  of 
that  order  in  the  possession  of  sectorial  teeth  homologous  with  those  of 
the  Carnivora.  The  Uinta  formation  probably  possesses  Amphicyon, 
which  I  regard  as  the  starting  point  of  all  the  fissipede  forms.  This  ani- 
mal had  a  complete  dentition,  was  plantigrade,  pentadactyl,  the  femur 
had  a  third  trochanter  and  the  humerus  an  epicondylar  foramen.  The 
foramina  of  the  skull  are  rather  arctoid  in  character.  From  Amphicyon 
we  pass  in  one  direction  to  Cynodictis  of  the  White  Eiver  Miocene  thence 
to  Aelurodon  and  Canis  of  the  Loup  Pork.  The  arctoid  or  bear  series 
is  from  Amphicyon  to  Hymnarctos,  with  side  branches  to  the  Mustelidoe 
Procyonidoe,  etc.  The  arctoid  series  would  seem  to  be  entirely  of  Old 
"World  origin  and  to  be  comparatively  late  immigrants  to  America.  The 
earliest  cats  like  the  Procelnrvs  of  France  and  Dinictis  of  America  show 
their  close  relationship  in  all  points  to  Amphicyon  in  being  plantigrade, 
pentadactyl,  femur  with  a  third  trochanter,  claws  simple,  teeth  numerous, 
sectorials  with  large  heels,  etc.  These  animals  are  closely  like  the  Crypt- 
oprocta  of  Madagascar  and  gave  origin  to  three  distinct  lines,  the  Viv- 
erridce  of  the  Old  World,  the  true  cats,  and  the  false  sabretooths  or  MmrU' 
vidce.  The  changes  in  dentition  can  all  be  traced  step  by  step.  No 
arctoid  animal  is  known  from  America  before  the  Loup  Fork,  which  has 
furnished  Putoritts.  This  brings  us  to  the  conclusion  that  the  Cynoidea  or 
dogs  are  the  nearest  modern  representatives  of  the  ancestral  type  of  all 
land  Carnivora. 
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Preliminary  paper  on  structure  of  Alosa  sapidissima.     By  Fanny 
li.  Hitchcock,  New  York,  N.  Y. 

[abstract.] 

In  the  connective  tissue  between  the  myatoms  in  the  muscle  of  the  lat- 
eral line  of  Alosa  sapidissima,  there  are  developed  a  series  of  thin  carti- 
laginous plates  irregularly  triangular  in  outline,  the  apex  of  the  triangle 
forming  the  proximal  part  and  the  irregularly  lobed  base  the  distal  portion 
of  each  plate.  The  cartilages  lie  in  a  vertical  plane  and  incline  outward 
and  backward. 

The  apex  of  the  cartilage  is  anterior  to  and  slightly  overlaps  the  distal 
extremity  of  the  epicentral  belonging  to  the  segment  in  which  the  carti- 
lage is  developed. 

The  epipleurals  in  Alosa  are  not  united  to  the  ribs,  but  the  proximal  ex- 
tremity terminates  at  some  distance  from  them.  They  follow  the  dorsal 
line  of  the  intermuscular  septa  of  the  ventro-lateral  mass  of  the  lateral 
muscle  and  pass  below  the  ventral  edge  of  the  cartilage  plates  of  the 
muscles  of  the  lateral  line,  being  separated  from  them  by  a  small  space. 
In  the  anterior  body  segments,  directl}"^  beneath  the  pectoral  arch,  tlie  car- 
tilage plates  are  wanting  and  the  segments  themselves  have,  to  some 
extent,  coalesced.  Posteriorly,  the  plates  are  developed  througliout  the 
abdominal  segments.  In  the  segments  in  which  the  cartilage  plates  are 
wanting,  the  epipleurals  are  also  undeveloped,  unless  represented  by  the 
scapula,  which  in  the  adult  is  represented  by  a  very  small  bar  of  cartilage, 
or  is  wanting  entirely.  The  anterior  two  epipleurals  are  short,  have  coa- 
lesced and  are  attached  by  their  proximal  extremity  to  the  post-clavicle. 

The  spines  of  the  corresponding  abdominal  vertebrae  are  inclined  to- 
ward each  other. 

A  consideration  of  these  cartilages  and  their  relation  to  the  other  seg- 
mental skeletogenous  elements  leads  to  the  opinion  that  they  represent 
early  stages  in  the  development  of  new  organs,  rather  than  a  reversion 
to  a  former  condition.  They  afford  strong  confirmatory  evidence  of  the 
theory  tiiat  the  sense  organs  of  the  head  are  highly  specializi-d  integu- 
mentary sense  organs,  corresponding  to  the  organs  of  the  lateral  line 
and  show  how  the  cartilaginous  capsules  of  these  head  organs  might  have 
originated. 

The  following  suggestions  are  also  offered  for  consideration  : 

1.  That  the  mandibular,  hyomandibular  and  hyold  arches,  the  extra 
branchials  of  Parker,  the  scapular  portion  of  the  pectoral  arch  and  the 
epipleurals  are  homologous  structures. 

2.  That  the  coracoid  portion  of  the  pectoral  arch  and  the  supporting 
bones  of  the  pelvic  flns  may  be  homologous  with  the  spines  of  the  ab- 
dominal vertebrse. 

3.  That  the  distal  or  free  portion  of  the  paired  limbs  may  be  derived 
from  cartilage  plates,  similar  to  those  described  above,  but  developed  in 
connection  with  a  specialized  line  of  Integumentary  sense  organs  situated 
more  ventrally  than  those  of  the  lateral  line  we  have  been  considering. 
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The  arrangement  of  the  lateral  sense  organs  in  amphibian  larvse  show 
such  a  line  developed  ventrally  and  connecting  the  fore  and  hind  limbs. 
If  such  a  development  took  place,  an  explanation  of  the  cephalic  fin  of 
certain  Elasmobranchs,  as  a  survival  or  a  reversion,  would  be  possible. 


On  the   homologies  of  Edestus.     By  Fanny  E.   Hitchcock,  New 
York,  N.  Y. 

[ABSTRACT.] 

Three  theories  have  been  proposed  as  to  the  homologies  of  the  curious 
fossils  which  form  the  genus  Edestus  of  Leidy,  viz. : 

1.  Doctor  Leldy's  view,  now  no  longer  held,  that  they  were  remains 
of  the  segmented  maxillary  bones  of  some  extinct  plagiostomous  fish. 

2.  Sir  Richard  Owen's  theory  that  they  were  fish  spines.  This  view  was 
also  proposed  by  Doctor  Newberry  and  has  been  generally  accepted  until 
lately. 

3.  The  view  recently  proposed  by  Dr.  H.  Woodward  of  London,  in  his 
account  of  a  remarkable  fossil  from  Australia,  referred  by  him  to  this  ge- 
nus. Doctor  Woodward  suggests  that  these  fossils  are  pectoral  fins  sim- 
ilar in  character  to  those  of  Pelecopterus  (Cope). 

The  object  of  this  paper  is  to  examine  the  evidence  for  and  against 
these  views  and  to  present  for  consideration  a  fourth  view,  viz. :  that 
the  fossils  in  question  are  teeth  with  the  bases  enormously  developed ; 
they  arose  probably  in  the  median  line  between  the  mandibles,  and  were 
attached  to  a  membranous  or  cartilaginous  support  in  the  American  form, 
or  to  an  osseous  median  piece  in  the  Australian. 

This  support  being  developed  in  the  median  line  between  the  rami  of 
the  lower  jaws  would  sustain  the  same  relation  to  the  mandibular  arch 
that  the  glosso-hyal  does  to  the  hyoid. 

To  support  such  a  theory,  we  have  :  1.  The  segmented  character  of  the 
fossils,  the  segments  being  evidently  freely  movable  on  one  another; 
such  a  structure  would  be  very  anomalous  in  a  spine  or  a  fin,  such  as  that 
of  Pelecopterus.  The  mode  of  growth  of  the  segments  seems  to  have  been 
in  a  regular  series  from  before  backward,  while  in  Pelecopterus  the  new 
fin  rays  are  intercalated  between  the  older  ones.  The  finding  of  single 
segments  of  different  sizes  would  indicate  that  they  were  shed  like  teeth. 

2.  The  structure  of  the  denticles  is  similar  to  that  of  the  teeth  of  the 
Petalidse  with  which  they  are  frequently,  if  not  always,  associated  as  I 
am  informed. 

3.  The  presence  of  an  osseous  support  in  the  Australian  form,  which 
support  though  more  slender,  and  longer,  is  very  similar  to  that  in  Ony- 
chodus. 

4.  The  overlapping  of  the  segments,  which  is  very  great  in  the  American 
forms,  is  very  slight  in  the  Australian,  but  it  Is  characteristic  of  the  bases 
of  the  median  teeth  in  Onychodus  sigmoides  from  the  Devonian  of  Ohio. 
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5.  The  bilateral  symmetry,  the  ligamentous  attachment,  which  extended 
to  the  base  of  the  denticles,  and  the  absence  of  any  trace  of  articulation 
render  it  doubtful  if  there  can  be  any  homology  between  the  Edestus  re- 
mains and  the  pectoral  flns  of  Pelecopterus,  while  the  theory  of  a  dorsal 
spine  seems  untenable  in  the  presence  of  a  basal  bone,  such  as  is  shown 
in  E.  Davisii  (Woodward,  sp.). 


On  thk  physiology  of  the  hkart  of  the  snake.    By  Prof.  T.  Wesley 
Mills,  Montreal,  Canada. 

[ABSTRACT.] 

1.  The  investigations  recorded  in  this  paper  were  made  in  mid-winter 
on  fasting  but  not  hibernating  animals. 

2.  Comparison  of  the  vagi  showed  that  in  every  instance  both  nerves 
were  efficient,  but  usually  the  right  was  the  more  so;  in  some  cases  the 
difference,  if  actual,  was  minimal. 

3.  Stimulation  of  the  vagi  leads  to  after  increased  force  and  frequency 
of  beat,  or  of  the  former  only,  and  according  to  the  law'  of  inverse  pro- 
portion previously  announced  by  the  writer. 

4.  The  mode  of  arrest  of  the  heart  is  identical  with  that  noted  in  the 
chelonians,  fish,  etc. ;  the  same  applies  to  the  mode  of  recommencement. 

5.  During  vagus  arrest  the  sinus  and  auricles  are  inexcitable. 

6.  There  are  certain  peculiar  cardiac  effects  not  explicable  by  reference 
to  the  vagi  nerves  alone,  but  which  put  the  sympathetic  system  of  nerves 
in  a  new  light. 

7.  Direct  stimulation  of  the  heart  confirms  results  previously  noted  by 
the  writer  for  other  cold-blooded  animals.  Arrest  is  in  all  the  animals  of 
this  class  yet  examined  owing  to  stimulation  of  the  terminals  of  the  vagi 
within  the  heart's  substance. 

8.  As  regards  independent  ventricular  rhythm,  the  results  have  been 
negative. 

9.  The  heart  of  the  snake  upon  the  whole  seems  to  lie  physiologically 
between  that  of  the  frog  and  of  the  chelonians. 


Observations  upon  the  foetal  membranks  of  the  opossum.    By  Dr. 
Henry  Fairfield  Osborn,  Princeton,  N.  J. 

[AB8THACT.] 

This  paper  described  the  discovery  of  a  female  opossum  with  the  young 
in  utero  shortly  before  birth. 

There  were  nine  young  in  each  horn  of  the  uterus.  The  membranes 
consisted  of  a  large,  vascular  yolk-sack  united  with  the  subzonal  mem- 
brane and  forming  a  disc-like  area  covered  with  amoeboid  subzonal  cells. 
This  area  was  closely  attached  to  the  polygonal  cells  covering  the  utricular 
glands  of  tlie  uterine  epithelium.  The  allantois  was  also  attached  to  the 
subzonal  membrane,  forming  a  richly  vascular  area  which  was  covered 
with  flattened  cells  but  not  in  any  case  attached  to  the  wall  of  the  uterus. 
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The  function  of  the  yolk-sack  placenta  is  inferred  to  be  the  transmission 
of  tlie  secretions  of  tlie  utricular  glands  to  the  embryo,  by  means  of  tlie 
umbilical  vessels.  The  function  of  the  allantois  is  either  respiratory  or 
the  absorption  of  the  fluid  secreted  in  the  uterine  cavity  by  the  utricular 
glands. 


The  uklation  of  thu:  commissures  of  the  brain  to  the  formation 

OF    THE    ENCEPHALIC   VESICLES.      By   Dr.    HeNRY   FaIRFIELD  OsBORN, 

Princeton,  N.  J. 

[ABSTRACT.] 

This  paper  suggested  an  hypothesis  for  the  well  knovrn  and  constant 
phenomenon  of  the  division  of  the  embryonic  brain  into  four  swellings  or 
vesicles.  This  consists  in  the  constant  presence  of  three  dorsal  commis- 
sures or,  more  strictly  speaking,  decussating  tracts  between  the  vesicles. 
These  decussating  tracts  appear  simultaneously  at  an  extremely  early  pe- 
riod in  embryonic  life.  The  first  was  discovered  by  the  writer  as  the 
primitive  or  degenerate  condition  of  the  cerebellum  in  the  Urodele  Am- 
phibia. The  second  is  found  in  the  posterior  commissure,  which,  accord- 
ing to  Pawlowsky's  observations  as  confirmed  by  the  writer,  consists  also 
of  nerve  tracts  decussating  dorsally.  The  third  is  found  in  the  superior 
commissure,  which  has  been  independently  observed  by  Bellonci  and  the 
writer,  also  consisting  of  decussating  tracts.  These  three  commissures 
are  primitive  featui'es  of  the  brain  and  they  appear  in  each  case  between 
the  vesicles,  i.  e.,  in  the  constrictions  of  the  roof  and  sides  of  the  primitive 
neural  tube  forming  the  primary  fore  brain,  the  secondary  fore  brain,  the 
mid  brain  and  the  hind  brain.  It  is  suggested  that  there  may  be  a  serial 
homology  between  these  commissures,  and  that  they  may  bear  a  causal 
relationship  to  the  vesicles. 


On  the  Phengodini  and  their  luminous  larviform  females.  By  Prof. 
C.  V.  Riley,  U.  S.  Entomologist,  Washington,  D.  C. 

[ABSTRACT.] 

Thk  paper  gave  a  brief  history  of  the  discovery  and  the  characteristics 
of  the  §  in  Phengodes  and  Zarhipis  and  showed  the  difficulty  of  distin- 
guishing between  it  and  the  larva  proper.  Described  the  egg,  newly 
hatched  larva  and  pseudo-pupa.  Mentioned  other  luminous  larvae  in  Cole- 
optera  and  discussed  the  bearing  of  luminosity  on  arrested  development. 


The  BUFFALO-GNAT    PROBLEM  IN  THE  LOWER    MISSISSIPPI  VALLEY.        By 

Prof.  C.  V.  Riley,  U.  S.  Entomologist,  "Washington,  D.  C. 

[ABSTRACT.] 

The  paper  gave  the  results  of  late  investigations  into  the  habits  of  the 
species  of  Simuliura  so  injurious  to  stock  in  the  Southern  States.  The  life 
history  was  traced  of  the  two  more  important  species,  Simulium  pecuarum, 
n.  sp.  and  Simulium  meridionale,  n.  sp. 
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The  proboscis  of  the  mosquito.    By  Prof.  G.  Macloskie,  Princeton, 
New  Jersey. 

[abstract.!] 

Anatomy  of  mouth-parts  and  special  description  of  the  labial  sheath; 
comparison  with  proboscis  of  Miisca  and  hoinolojiy  of  parts.  The  ducts 
of  the  thoracic  salivary  glands  and  of  a  median,  or  poison-gland,  unite 
into  a  single  duct  with  spiral  thickenings.  This  duct  bifurcates  in  the 
neck,  its  branches  proceeding  to  the  two  mandibles  which  are  perforated 
as  fangs  for  discharging  the  fluid  into  the  wound. 


Ox  THR    RARLY   HISTORY   OF    THR    FOOT   IN    PROSOBRANCH    GASTKROPODS. 

By  Henry  Lrslie  Osborn,  Ph.D.,  Hamline  Univ.,  Hamline,  Minn. 

[AnSTUACT.] 

The  literature  of  animal  morphology  is  becoming  more  and  more  de- 
voted to  the  subject  of  organogeny.  The  study  of  the  development  of 
organs  is  throwing  much  light  on  the  story  of  their  origin,  the  origin  of 
species  as  well.  The  testimony  of  authors  on  gasteropod  morphology 
prior  to  1886  is  to  the  effect  that  the  foot  throughout  the  gi'oup  arises  as  a 
median  elevation  of  the  ectoderm  upon  the  ventral  surface  behind  the  blas- 
topore. Among  the  various  writers,  who  have  given  expi'ession  to  this  view 
are  Carpenter,  Bobretzky,  Koren,  Butschli,  Salonsky,  Ilabl,  Balfour  and 
Others,  and  their  researches  have  extended  to  Fusus,  Nassa,  Natica,  Cytli- 
ercea,  Trochus,  Vermetus,  and  Paludina.  Their  reports  leave  little  doubt 
of  their  observations  on  this  point. 

MacMurrick,  in  a  paper  in  1886,  on  the  development  of  Prosobranchs,  fig- 
ures but  does  not  describe  the  first  appearance  of  the  foot  in  Fulyur  not 
as  a  median  but  as  a  paired  structure. 

In  studies  in  1884  upon  Fasciolaria  and  Fulgur  I  observed  and  figured 
the  first  stages  in  the  development  of  the  foot.  In  both  cases  it  arises  as 
a  pair  of  entirely  independent  elevations  in  the  ectoderm  behind  the  velum 
and  blastopore  on  the  ventral  surface.  Sections  show  them  filled  with 
mesoderm  the  beginnings  of  the  musculature,  and  the  nervous  system  of 
the  foot  arises  as  two  independent  parts  later  united.  It  is  very  early  that 
the  two  separate  mounds  coalesce  to  form  the  single  median  structure 
which  persists  as  the  peculiar  form  of  foot. 

In  view  of  these  observations  it  would  appear  that  we  must  accept  an 
amendment  to  the  current  statement  of  the  facts  as  to  the  origin  of  the 
Prosobranch  foot  to  the  effect  that  in  some  cases  (so  far  as  at  present 
known  two  cases)  the  organ  is  at  first  a  paired  structure  like  the  begin- 
nings of  locomotor  appendages  in  arthropods  and  vertebrates  and  only  later 
in  the  ontogeny  median  in  position. 
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Further  we  may  open  the  question  whether  these  facts  may  be  taken  to 
have  phylogenetic  significance  or  to  be  a  falsification  of  the  phylogenetic 
record.  The  latter  view  would  seem  improbable  because  the  foot  in  gas- 
teropods  is  of  no  use  in  the  early  larval  life,  the  velum  being  the  organ  of 
locomotion. 

It  would  be  equally  difficult  to  see  how  the  paired  condition  of  the  foot 
could  have  been  acquired  secondarily  from  an  ancestral  form  with  a  single 
median  one,  both  because  of  its  probable  rarity  in  the  group  and  because 
of  the  absence  of  function  of  the  foot  in  early  life.  On  the  other  hand 
the  supposition  that  the  gasteropod  foot  originated  as  a  median  structure 
from  the  ventral  creeping  surface  of  a  Vermian  ancestor  would  seem  nat- 
ural and  easy  being  in  accord  with  the  facts  of  anatomy  and  the  few 
hitherto  published  facts  of  embryology.  In  thus  seeking  a  meaning  for 
this  appearance  in  these  two  forms,  which  deviates  from  the  position  com- 
monly held,  I  have  no  desire  to  attempt  to  force  a  few  facts  to  support  a 
superstructure  of  speculation  but  rather  to  propose  the  question  for  fut- 
ure determination  when  a  larger  number  of  forms  shall  have  been  studied. 


On  the  origin,   development,  and    prevalency  of    the  so-called 
ECHINOCOCCUS.    By  Dr.  Chas.  Porter  Hart,  Wyoming,  O. 

[ABSTRACT.] 

The  object  of  the  author  in  presenting  this  paper  was  stated  to  be,  not 
so  much  to  study  the  morphology  of  the  so-called  Echinococcus,  as  it  was 
to  show  how  rapid  is  becoming  the  spread  of  this  dangerous  parasite  in 
some  parts  of  our  country  —  a  parasite  which,  in  its  sexually  immature  con- 
dition, is  probably  more  fatally  injurious  to  man  than  all  the  other  species 
of  entozoa  combined.  A  brief  review,  however,  of  the  various  morpho- 
logical changes  which  it  undergoes  in  man  and  in  the  lower  animals,  was 
first  given,  partly  in  order  that  a  correct  diagnosis  might  be  more  readily 
made  in  these  cases,  but  chiefly  with  a  view  to  exhibit  the  strict  relation 
which  its  presence  in  man  bears  to  the  degree  of  intimacy  subsisting  be- 
tween him  and  the  domestic  dog  —  a  fact  now  well  established,  and-of  the 
highest  importance  in  a  sanitary  point  of  view. 

After  describing  and  exhibiting  various  specimens  recently  obtained, 
the  author  stated,  that  within  a  period  of  about  thirty  years  he  had  met 
with  no  less  than  seventeen  well-recognized  cases ;  that  many  more  doubt- 
less escaped  detection  from  the  obscurity  of  the  attending  symptoms,  or 
from  want  of  care  in  observation.  But  one  of  these  cases  occurred  more 
than  twenty  years  ago,  while  more  than  two-thirds  of  them  were  noticed 
within  the  last  decade,  and  no  less  than  three  within  the  last  twelve 
months.    From  this  lie  Inferred  that  the  disease  is  rapidly  on  the  increase, 
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and  that  it  behooves  men  of  science  to  enlighten  the  general  public  on  the 
subject  to  the  fullest  possible  extent.  This  the  author  attempted  to  do, 
as  far  as  the  occasion  ofl'ered,  by  describing  the  various  circumstances 
under  which  the  germs  are  known  to  be  distributed,  through  the  air, 
water,  and  other  media. 


Locomotion  and  bilateral  symmetry.    By  Dr.  Joseph  Jastrow,  Phil- 
adelphia, Pa. 

[abstract.] 

The  problems  of  bilateral  symmetry — culminating  in  the  problem  of  left 
and  right-handedness  in  man— are  in  part  dependent  for  their  solution  on 
a  correct  understanding  of  the  nature  of  aniinai  symmetry.  The  only  sug- 
gestion regarding  this  insufliciently  treated  question  that  (to  my  knowl- 
edge), is  at  all  satisfflLCtory  is  that  offered  by  Eduard  Weber  (Berichte  of 
the  Leipzig  Academy,  1849).  According  to  this  view  bilateral  symmetry 
is  associated  with  and  due  to  progressive  locomotion.  This  generalization 
is  supported  by  the  following  considerations :  1.  Animals  are  symmetrical 
with  reference  to  the  plane  of  motion,  and  the  motor-organs  as  well  as 
the  sense-organs  that  guide  motion  are  again  symmetrically  disposed  with 
regard  to  the  same  plane.  2.  Such  animals  as  require  the  most  delicate 
equilibrium  in  their  mode  of  progression  have  the  most  perfect  symmetry  ; 
flying  animals  have  a  finer  symmetry  than  walking  animals,  and  the  latter 
a  finer  than  swimming  animals.  An  interesting  application  of  this  view 
to  the  question  of  right-handedness  is  given  by  Weber.  He  weighed  tiie 
dissected  muscles  of  each  half  of  the  body  and  found  the  ratio  of  the  weight 
of  those  of  the  right  arm  to  those  of  the  left  to  be  as  1  to  .929,  in  the  legs 
as  1  to  .936,  in  the  trunk  as  1  to  .992.  In  other  words  the  trunk,  where 
asymmetry  would  most  interfere  with  locomotion,  is  most  symmetrical, 
and  those  parts  where  specialization  is  greatest,  most  asymmetrical.  In 
general  then,  the  specialization  of  function  exemplified  in  right-handed- 
ness is  possible  only  when  not  Interfering  with  locomotion  and  its  extent  is 
limited  by  such  interference.  A  second  test  is  suggested  by  the  generally 
accepted  conclusion  that  primitive  man— to  whom  speedy  locomotion  was 
more  necessary  than  to  us — was  more  ambidextrous  and  thus  more  sym- 
metrical. 

An  experimental  verification  of  this  view  Is  possible  by  asymmetrically 
mutilating  and  weighting  animals  and  ascertaining  whether  such  mutila- 
tion or  encumbrance  interferes  more  with  locomotion  than  a  symmetrical 
lesion  or  encumbrance.  Experiments  were  made  upon  the  common  house 
fly  that  make  this  verification  decidedly  probable.  These  observations 
are  ofl'ered  as  a  preliminary  suggestion  and  in  the  hope  of  inciting  others 
to  more  extended  observations  directed  to  tlie  same  object. 
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A  POINT  IN  DERMAL  PHYSIOLOGY  WITH  DEMONSTRATION  OK  A  NEW  AESTHE- 

sioMETER.    By  Dr.  Joseph  Jastkow,  Philadelphia,  Pa. 
[abstract.] 
Further  advance  in  our  knowledge  of  the  sensations  accompanying 
contact  of  the  slcin  is  dependent  upon  an  improvement  in  the  methods  of 
observation.    Por  this  object  I  have  devised  the  instrument  which  I  term 
my  aesthesiometer. 

The  points  of  improvement  to  which  attention  is  expressly  called  are 
the  following : 

(1)  The  points  are  no  longer  held  in  the  hand,  but  are  firmly  mounted. 
We  thus  are  sure  that  the  two  will  touch  at  once  and  with  equal  intensity ; 
the  contact  is  the  same  one  time  as  the  next,  and  the  time  of  contact  can 
be  regulated. 

(2)  The  distance  between  the  points  is  easily  set  and  accurately  meas- 
ured. 

(3)  The  points  can  be  applied  at  any  angle. 

(4)  The  points  can  be  used  separately  as  in  "  successive  "  experiments, 
and  any  number  of  points  can  be  used. 

(5)  The  points  can  be  applied  to  any  part  of  the  body;  vertically,  hori- 
zontally or  obliquely  as  convenience  directs. 

(6)  By  using  a  double  apparatus  two  pairs  of  points  can  be  applied  to 
the  same  points  of  the  skin,  or  simultaneously  on  symmetrical  portions. 

(7)  Points  of  any  kind  can  be  inserted ;  type,  rods,  and  forms  of  any 
kind  can  be  used. 

(8)  The  points  can  be  moved  continuously  along  the  skin. 

(!))  The  instrument  can  be  used  for  locating  and  mapping  out  "hot"  and 
**  cold-points." 

(10)  By  making  electrical  connections  the  reaction-time  for  touch  can 
be  measured. 

To  test  the  instrument  I  experimented  upon  the  distance-sense  of  the 
skin.  The  part  used  was  the  volar  surface  of  the  lower  arm.  Three  points 
ab  c  (a,  b  and  c)  were  chosen  so  that  the  mean  between  ac  and  be  was 
constant  at  48  mm;  ab  was  6  mm.  in  one  series,  12  mm.  in  another.  An 
observation  consisted  in  applying  the  points  to  a  and  c  and  then  to  b  and  c  ; 
or,  vice  versa,  the  subject  to  tell  whether  the  larger  or  smaller  distance 
was  first  applied.  The  errors  in  100  observations  in  each  of  three  subjects 
were : 

A.  Wnen  a  6  =  6  mm.        I      30        II        30  III      29. 

B.  Whena6  =  12"  I        9        II        12  III      14. 

To  test  whether  this  amount  of  error  is  due  to  the  sensibility  of  the 
skin  at  a  b,  that  sensibility  must  be  measured.  The  old  way  (which  I  be- 
lieve to  be  ambiguous  as  well  as  crude)  would  be  to  find  at  what  distance 
two  compass-points  seem  double  as  often  as  single.  This  is,  for  I,  12  mm. ; 
for  II,  15  mm.,  for  III,  14  mm.  If  this  were  the  standard  the  above  errors 
are  far  too  few.    A  better  method  is  to  apply  now  a  single  point,  now  a 
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double  and  find  the  proportion  of  error  in  telling  which  is  which.  In  this 
way,  with  A,  I  had  20;  II,  18,  and  III,  30  errors  in  100.  With  B  I,  18 ;  II,  12 ; 
III  18 ;  which  again  is  a  greater  amount  of  error  than  before  in  B,  though 
less  in  A.  But  the  fairest  test  is  simply  to  omit  c  and  alternately  use  a 
and  b  in  pairs ;  the  subject  to  detect  the  order  of  each  pair.    Tlie  errors  are 

ir  5  III  7  4^  smaller  amount  of  error,  thus  indicating 
that  the  stimulation  of  c  interferes  with  the  maximum  discriminability. 
The  theoretical  bearing  of  these  facts  must  be  postponed  until  more  ob- 
servations have  been  made. 

The  author  desires  to  gratefully  acknowledge  that  this  apparatus  was 
constructed  by  aid  of  a  graut  from  the  Elizabeth  Thompson  Science  Fund. 


iA.     I 
IB.     1 


The  essential  parts  or  the  instrument  are  as  follows :  A  base,  A,  to  which  is  attached 
a  pair  of  uprights,  DD';  a  block,  B,  npon  which  rests  a  frame,  C,  for  receiving  the  arm 
which  is  held  in  position  by  grasping  the  band  as  shown  in  tlie  ont.  A  fine  millimeter 
scale,  O,  with  two  arms,  I'P',  througli  which  it  is  fastened  at  E,  at  any  desired  angle; 
npon  this  scale  are  two  carriages,  HIT,  sliding  along  it  with  as  much  or  as  little  friction 
as  is  desired.  At  O  there  is  a  small  "knee"  that  can  be  llrmly  screwed  and  holds  the 
points,  etc.,  FF'  (any  number  and  sire  of  these  knees  can  be  made).  Above  are  two 
rods,  II',  connected  with  two  head  pieces,  KK',  through  which  passes  a  steel  rod,  iV, 
The  carriage  is  held  in  a  fixed  position  by  screwing  down  the  screws  at  MM  und  the 
two  points  are  made  to  toncb  the  skin  by  pressing  the  button  at  L,  which  presses  down 
a  spring  that,  in  turn,  releases  the  points.  The  stand  and  accessory  appliances  are  of 
wood,  the  rest  of  brass  and  steel.    The  length  of  the  scale,  0,  is  thirty  decimeters. 
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On  cataloguing  microscopical  preparations.    By  K.  H.  Ward,  M.D., 
Troy,  N.  Y. 

[abstract.] 

This  proposed  system  of  recording  microscopical  preparations  is  the 
outgrowtli  of  tlie  writer's  experience  in  trying  to  make  a  collection  of 
slides  as  useful  as  possible,  as  objects  of  reference  in  teaching  as  well  as 
in  study,  and  with  the  least  possible  expenditure  of  time  or  trouble.  It  is 
primarily  intended  for  those  students  who  need  not,  and  will  not,  un- 
dertake to  maintain  the  more  cumbersome  system  of  a  card  catalogue ;  but 
even  for  the  specialist,  with  the  facilities  of  a  laboratory  at  command,  it 
continues  to  be  available  in  connection  with  the  card  catalogue,  as  a  serial 
list  and  for  the  temporary  preservation  of  memoranda  concerning  objects 
in  course  of  preparation. 

Much  labor  is  wasted  by  accumulating  slides  without  proper  record, 
many  valuable  objects  being  laid  aside  and  their  exact  peculiarities  forgot- 
ten before  their  owner  realizes  that  he  is  really  making  a  collection.  Any 
slide  worth  preserving,  for  any  scientific  purpose,  is  worthy  of  a  moment's 
delay  in  making  an  accurate,  thorough  and  systematic  registry  at  the  time 
of  acquiring  it. 

The  really  valuable  data  concerning  a  prepared  slide  are  too  numerous 
to  be  selected  and  arranged  by  memory  alone,  thoroughness  and  unifor- 
mity of  description  requiring  some  artificial  assistance.  The  simplest  and 
best  arrangement  would  be  that  of  separate  columns  down  a  page,  one 
column  for  each  item ;  but  the  items  are  too  numerous  to  admit  of  this  ar- 
rangement on  a  page  of  convenient  size.  By  giving  three  or  four  lines  to 
each  entry,  however,  and  a  like  number  of  related  items  in  each  column, 
the  end  can  be  attained  without  practical  disadvantage.  Adopting  the  or- 
dinary 4to  size  of  a  page,  and  carrying  the  entries  across  each  pair  of  ad- 
jacent pages,  an  area  equivalent  to  that  of  a  postal  card  can  be  given  to 
each  object,  with  ten  entries,  conspicuously  separated  by  horizontal  red 
lines,  to  each  opening  of  the  forms  when  bound  in  a  book;  an  arrange- 
ment most  convenient  for  rapid  reference,  and  affording  adequate  space 
for  general  use.  The  items  most  commonly  desired  are  tabulated  at  the 
head  of  each  page,  and  merely  referred  to  by  suggestive  letters  below;  so 
that  the  description  of  each  slide  appears  as  a  practically  uninterrupted 
block  of  MS.  and  substitutions  of  other  data  can  be  readily  made  accord- 
ing to  individual  necessities.  Pages  for  3000 objects,  if  required,  with  blank 
sheets  for  long  notes,  and  an  alphabetical  index  sufficient  for  five  or  six 
cross  references  to  each  object,  can  be  bound  in  a  volume  of  not  incon- 
venient size.  The  index  is  ruled  for  convenience  in  entering  titles  and 
numbers,  and  is  lettered  alphabetically,  with  subdivision  on  the  vowel  sys- 
tem, the  assignment  of  pages  depending  on  the  frequency  with  which  the 
various  letters  occur  at  the  beginning  of  English  words.  The  following 
table  shows  an  itemized  form  of  very  general  availability  for  the  serial 
pages : 
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Development  of  the  umbellifer  fruit.     By  John  M.  Coulter  and 
J.  N.  Rose,  Crawfordsville,  Ind. 

[ABSTRACT.] 

In  no  family  of  plants  does  the  fiuit  furnish  more  certain  diagnostic 
characters  than  in  the  Umbelliferae.  This  indicates  an  unusual  amount  of 
differentiation  in  the  fruit  structures  and  a  great  diversity  In  its  display. 
For  some  time  past  we  have  been  making  a  critical  examination  of  all  our 
Umbelliferse  east  of  the  100th  meridian,  and  this  has  directed  special  at- 
tention to  the  minute  structure  of  the  fruit  of  all  our  species.  It  was  a 
matter  of  considerable  importance  to  study  the  development  of  these  struct- 
ures, for  which  purpose  our  common  Chcerophyllum  prociimhens  was  se- 
lected as  a  type.  Beginning  with  ovary  wall  composed  of  undifferen- 
tiated parenchyma,  supported  by  simple  fibro-vascular  elements,  the 
changes  wrought  in  the  maturing  ovary  and  then  in  the  ripening  fruit  were 
traced.  The  general  structure  of  the  pericarp  wall  well  represents  the 
typical  leaf  structure,  with  epidermal  layers  bounding  a  more  or  less  de- 
veloped mesophyll.  It  is  in  the  latter  that  the  characteristic  fruit  struct- 
ures are  developed.  The  constant  occurrence  in  the  outer  epidermal 
region  of  two  distinct  layers  of  epidermal  cells  suggests  the  presence  of 
a  connate  calyx.  The  mesophyll  region  of  the  pericarp  is  naturally  sepa- 
rated into  three  structures:  (1)  oil-ducts,  (2)  strengthening  cells,  (3)  un- 
differentiated parenchyma. 

I.  Development  of  oil-ducts. — In  very  youngbuds,  groups  of  three  or  four 
parenchyma  cells  of  the  pericarp  begin  to  be  set  apart  for  the  formation  of 
oil-ducts.  The  first  indication  of  this  is  the  fact  that  they  become  secret- 
ing cells,  and  are  discolored  by  the  characteristic  oily  contents.  The  three 
or  four  secreting  cells  begin  to  divide  radially  so  that  at  the  time  of  an- 
thesis  the  resulting  intercellular  space  becomes  an  oil-duct  of  small  cal- 
iber, with  six  to  eight  secreting  cells.  The  radial  division  continues  as 
the  fruit  matures,  thus  gradually  enlarging  the  caliber  of  the  duct.  The 
djacts  are  thus  simply  enlarged  intercellular  spaces,  developed  by  the  ra- 
dial division  of  the  surrounding  secreting  cells.  Hydrocotyle  has  no  oil- 
ducts,  because  its  secreting  cells  lack  the  power  of  radial  division ; 
Conium  has  none  because  its  secreting  cells  are  in  a  plane  instead  of  In 
groups;  while  most  Umbellifers  have  oil-ducts  because  the  secreting  cells 
are  in  groups  and  also  have  the  power  of  radial  division. 

II.  Development  of  strengthening  cells.— Ji^  young  buds  there  is  no  set- 
ting apart  of  this  region  from  the  ordinary  parenchyma  of  the  pericarp 
wall.  Upon  approaching  anthesis,  however,  the  parenchyma  cells  sur- 
rounding each  flbro-vascular  bundle  subdivide,  and  at  anthesis  quite  a 
distinct  group  of  small  parenchyma  cells  is  discovered  beneath  each  rib. 
This  comparatively  small  size  is  due  not  only  to  cell-division  and  moderate 
growth,  but  also  to  the  strong  growth  of  the  surrounding  undifferentiated 
parenchyma.  While  the  region  is  Indicated  before  anthesis,  it  does  not  be- 
come really  a  region  of  strengthening  cells  until  the  development  of  the 
fruit.    It  Is  then  that  the  walls  begin  to  thicken,  until  at  maturity  a  group 
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of  strengthening  pells  is  composed  of  firm  heavy-walled  tissue.  The  con- 
tained flbro-vascular  elements  are  encroached  upon,  and  for  the  most  part 
obliterated,  as  they  are  really  functionless  after  anthesis.  The  differentia- 
tion proceeds  centrifugally  from  the  ttbro-vascular  elements  as  a  center, 
at  first  a  comparatively  small  area  being  included.  The  surrounding  pa- 
renchyma is  gradually  invaded,  until  in  some  cases  the  whole  thickness  of 
the  pericarp  wall  is  concerned. 

III.  Development  of  undifferentiated  parenchyma. — This  region,  lying  be- 
tween the  strengthening  cell  groups,  is  chiefly  concerned  in  the  extension 
of  the  pericarp  wall.  This  extension  is  effected  by  the  radial  division  of 
the  undifferentiated  parenchyma,  the  amount  of  tangential  cell-divisiou 
being  comparatively  small.  The  exception  to  this  is  found  in  ribs  and 
wings,  which  represent  regions  of  strong  tangential  cell-division. 


^ciDiuM  ON  JuNiPKRUS  ViRGiNANA.    By  Prof.  W.  G.  Fari.ow,  Harvard 
Univ.,  Cambridge,  Mass. 

[AnSTRACT.] 

Skvkral  species  of  Gymnosporangium  grow  on  Juniperus  Virginiana 
but  their  Roesteliaeor  secidial  forms  are  found  on  different  Pomeaj.  So  far 
no  secidial  form  has  yet  been  described  on  J.  Virginiana.  When  in  Ber- 
muda, in  1882,  I  found  distortions  of  the  branches  of  J^  Bermudiana  which 
had  a  close  resemblance  to  the  knots  caused  by  G.  globosum  on  J.  ViV' 
yiniana.  The  specimens  were  collected  in  January  and  wei'e  immature,  but 
scattered  over  the  knots  were  the  peridia  of  an  secidium  which  had  not 
yet  opened.  The  following  year,  Mr.  Walter  Faxon  visited  Bermuda  in  the 
summer  and,  at  my  request,  collected  some  more  of  the  knots  on  which  the 
peridia  were  in  better  condition  than  in  my  own  specimens  but  rather  old. 

Last  January,  Mr.  F.  S.  Earle  collected  on  J.  Viryinanus  similar  knots 
at  Ocean  Springs,  Miss.  An  examination  shows  that  the  Mississippi 
specimens  are  of  the  same  species  as  the  Bermuda  plant  which  is  described 
as  a  new  species,  jEciditim  Bermudianum.  It  cannot  be  told  with  what 
teleutosporic  form  this  a^cidium  is  collected  but  it  differs  from  the  secidia 
of  any  of  the  Gymnosporangla  known  on  J.  Virginiana. 


Apical  growth  in  Fucus.    By  Prof.  W.  G.  Farlow,  Harvard   Univ., 

Cambridge,  Mass. 

[abstract.] 

According  to  Rostaflnski  the  terminal  growth  of  Fucus  is  by  means 
of  a  series  of  cells  of  equal  value.  Recent  observations  by  Mr.  W.  M. 
Woodworth  show,  however,  that  there  Is  not  a  series  of  cells  but  a  sin- 
gle terminal  cell  In  Fucus  furcatus,  F.  filiformis,  and  F.  vesiculosus.  This 
brings  Fucus  Into  accord  with  the  other  genera  of  Fucaceee  as  far  as  the 
growth  by  a  single  terminal  cell  is  concerned. 
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NOTKS   ON  THE  FLORA  OF    THE  KiTTATINNY  MOUNTAINS.       By  Dr.    N.    L. 

Bkitton,  Columbia  College,  New  York,  N.  Y. 
The  paper  described  the  remarkable  resemblance  of  the  Flora  of  the 
Kittatinny  Mountains  to  that  of  the  pine  barrens  and  other  sandy  coast 
regions. 


On  the  histology  of  the  vegetative  organs  of  Brasenia  peltata 
PuRSH.    By  Prof.  Jos.  Schrenk,  Hoboken,  N.  J. 

[ABSTRACT.] 

Short,  introductory  remarks  referring  to  the  discovery,  by  the  author, 
of  the  internal  hairs  in  the  intercellular  canals  of  Brasenia  in  1884. 

The  structure  of  the  sheaths  at  the  tips  of  the  rootlets  (very  different 
from  ordinary  rootcaps)  and  their  origin.  Anatomy  of  rootstock,  run- 
ners, stems  and  petioles.  (Total  absence  of  vessels  and  other  lignifled 
tissue  in  the  internodes.  The  peculiar  mode  of  connection  between  the 
intercellular  canals  of  the  mestoms  of  two  contiguous  internodes).  The 
petiole.  The  leaf  (remarkable  structure  of  the  epidermis  cells ;  water- 
pores  on  lower  side).     Submerged  leaves,  their  structure. 

The  mucilage.  Its  origin  from  the  hairs  of  the  epidermis.  Hairs  de- 
scribed. The  various  reactions  showing  the  formation  and  nature  of  the 
mucilage  (bacteria  living  in  it). 

The  internal  hairs  (probably  pathological  formations). 

(Numerous  microscopic  slides  verifying  the  statements  of  the  paper 
were  presented ;  also  outline  illustrations  on  chart,  and  living  and  herba- 
rium specimens.) 


The  cultivated  cinchonas  of  Bolivia.    By  H.  H.  Rusby,  M.D.,  Co- 
lumbia College,  New  York,  N.  Y. 

[abstract.] 
Cinchona  has  not  been  studied  in  South  America  since  its  cultivation 
there  has  resulted  in  the  production  of  new  forms.  These  differ  from  the 
new  forms  produced  in  foreign  plantations,  as  the  stocks  carried  to  those 
parts  consisted  of  only  the  valuable  species,  while  all  species  were 
planted  in  Bolivia.  This  paper,  therefore,  treats  largely  of  new  hybrid 
forms.    The  special  conditions  favoring  hybridization  there,  are  : 

1.  The  tendency  of  this  family  to  cross-fertilization. 

2.  Special  organization, —  dimorphism. 
8.    Aggregation  into  plantations. 

4.    Abundance  of  insects,  continuous  by  day  and  night. 
6.    Humming-birds. 
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The  difficulty  of  classifying  the  Cinchonas,  which  hus  led  some  to  assert 
its  impossibility,  is  partly  due  to  the  employment  of  certain  characters 
which  in  this  genus  are  not  specific,  and  the  neglect  of  others  which  in  this 
genus  are  constant  and  valuable.     Such  non-specific  characters  are : 

1.  Chemical  composition  of  bark. 

2.  Form  of  leaf  without  specifying  stage  of  development. 

3.  Degree  of  pubescence. 

4.  Color  of  leaves. 

6.     Size  and  color  of  flowers. 

6.  Dimorphic  condition  of  one  species  contrasted  with  a  diflferent  di- 
morphic condition  in  another. 

7.  Form  and  appearance  of  pods  without  specifying  stage  of  develop- 
ment. 

Neglected  characters  are : 

1.  Venation. 

2.  Kind  of  pubescence. 

The  specimens  found  cultivated  in  Mapiri,  Bolivia,  are  : 
C.  Calisaya,  Wedd. 

"        "  *'    var.  microcarpa,  Wedd. 

•'        "  "       "  Ledgeriana. 

"  micrantha,  "Wedd. 

"  ovata  (two  species  described  under  this  name). 

"  amygdalifolia,  Wedd. 

"  lanceolata,  R.  &  P. 

"  lancifoUa,  Mutis  (a  form  of  C.  Calisaga). 
The  hybrids  found  in  my  collection  are  : 
C.  Calisaya  X  C.  ovata,  five  numbers. 

"        "         X  C.  amygdalifolia.,  four  numbers. 

"        "        var.  microcarpa  X  C.  ovata,  one  number. 

"        "  "  "  X  C.  amygdalifolia,  two  numbers. 

"  C.  ovata  X  C.  amygdalifolia,  two  numbers. 
Doubtful  forms  are  a  hybrid,  each  of 
C.  micrantha  X  C.  ovata. 
C.  micrantha  X  C.  amygdalifolia. 


Character  of  the  injuries  produckd  by  parasitic  Fungi  upon  their 
HOST  plants.  By  A.  B.  Seymour,  Harvard  University,  Cambridge, 
Mass. 

[ABSTKACT.'] 

Parasitic  Fungi  injure  their  host  plants  : — 

(1)  By  talcing  their  nutriment  and  causing,  to  some  extent,  starvation. 
Individual  cells  are  killed  or  their  food-supply  continually  absorbed  by 
mycelium  or  haustoria.     Cell  walls  are  injured. 

>  The  entire  paper  is  to  appear  in  the  American  Naturalist  for  Dec.,  1887. 
A.  A.  A.  8.    VOL.  XXXVI.  18 
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(2)  The  power  of  assimilation  is  impaired.  Reduction  of  food-supply 
weakens  the  physiological  power.  Chlorophyll  is  destroyed  in  some  cells. 
Spots  are  formed.  Black  molds  obstruct  passage  of  light  to  the  chloro- 
phyll. Some  fungi  cause  a  change  of  position  in  the  host  and  less  favor- 
able exposure. 

(3)  Growth  is  abnormally  accelerated  or  retarded,  causing  distortions 
as  well  as  impaired  vitality, 

(4)  Any  parts  may  be  affected;  chlorophyll-bearing  parts  most  fre- 
quently, but  also  roots,  as  cabbage  roots  by  Plasmodiophora  Brassicce, 
and  stems,  as  of  Prunus  by  SphoRria  modosa,  and  cedar  by  Gymnosporangia . 

In  the  flowers  of  blackberry  a  species  of  Fusisporium  causes  the  dis- 
tortion known  as  "  double  blossom";  in  many  grasses,  the  entire  inflores- 
cence is  destroyed,  as  that  of  Panicum  sanguinale  by  Ustilago  Rabenhorsti- 
ana.  Ustilago  antherarum  infests  anthers  of  Caryophyllacece.  The  ovary 
of  Prunus  is  converted  into  a  pouch  by  Exoascus  Pruni;  that  of  rye  into 
a  horn-like  body  by  Claviceps ;  that  of  the  pear  is  killed  by  Fusicladium 
and  falls  from  the  tree.     Tilletia  caries  destroys  the  seeds  of  wheat. 

(5)  Decay  is  produced  in  ripe  fruits,  aflecting  their  appearance  or  qual- 
ity or  destroying  them.  The  parasite  may  continue  its  growth  under  con- 
ditions like  those  accompanying  saprophytic  growth. 

(6)  Valuable  plants  become  infested  with  diseases  from  less  valuable 
ones,  as  when  Peronospora  spreads  from  wild  grapes  or  Ampelopsis  to  cul- 
tivated grapes,  or  wild  cedars  Infest  apple  trees  with  rust.  This  offers  a 
favorable  fleld  for  further  investigation. 

The  extent  of  the  injury  attributable  to  any  one  cause  is  difiicult  to  de- 
termine, as  several  act  together. 

Canada  thistle,  attacked  by  Puccinia  suaveolens,  wilts  in  hot  sunshine, 
probably  from  exhaustion  of  food-supply.  Puccinia  graminis  produces 
greater  injury  in  its  teleuto-stage  than  in  its  uredo-stage  for  the  same 
reason. 


On  the  structure  of  the  frond  in  Champia  parvula  Harv.     By 
Egbert  P.  Bigelow,  Washington,  D.  C. 

[ABSTRACT.] 

The  results  here  presented  are  derived  from  work  done-last  winter  in  the 
cryptogamlc  laboratory  at  Harvard  College.  The  material  was  alcoholic, 
and  was  studied  partly  by  freehand  sectioning,  but  chiefly  by  embedding 
in  parafflne  and  sectioning  on  a  Thoma  microtome.  A  modification  of  the 
chloroform  method  was  employed  in  embedding. 

Champia  parvula  Harv.  was  taken  for  study  because  it  is  a  representa- 
tive of  the  peculiar  group  of  Floridece,  having  hollow  fronds.  The  frond 
of  C.  parvula  is  cylindrical,  jointed  and  branched.  Cut  longitudinally,  it 
Is  seen  to  be  divided  into  barrel-shaped  chambers  by  diaphragms  at  the 
joints.    In  each  branch  there  is  a  variable  number  of  simple  filaments 
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each  composed  of  a  single  row  of  elongated  cells.  These  fllnments  run  close 
to  the  wall  of  the  frond  or  cortex,  from  the  tip  to  the  base  of  the  branch 
and  pierce  the  diaphragms  unchanged.  The  filaments  in  tlie  secondary 
branches  are  not  continuous  with  any  of  those  in  the  primary  brandies. 
Most  of  the  cells  of  the  filaments,  except  those  cells  that  penetrate  the 
diaphragms,  bear,  near  the  middle  on  the  side  away  from  the  cortex,  a 
small,  rounded  btdb  cell.  Opposite  this  bulb  cell  there  is  often  a  cell  con- 
necting the  filament  to  the  cortex.  The  cortex  and  diaphragm  are  single- 
layered. 

At  tlie  tip  of  each  branch.  Instead  of  a  single  apical  cell,  tliere  is  a  clus- 
ter of  such  cells,  corresponding  exactly  in  number  and  position  to  the  fil- 
aments of  the  branch.  From  time  to  time,  each  apical  cell  gives  ofi"  by 
division  a  cell  from  the  side  away  from  the  apex.  This  cell  divides  into 
an  outer  and  an  inner  cell.  The  outer  cell,  by  further  division,  helps  to 
form  the  cortex.  The  inner  cell  joins  a  row  of  similar  cells  to  form  a  lon- 
gitudinal filament.  It  may  divide  a  few  times  parallel  to  the  cortex.  If 
It  divide  but  once,  the  result  is  a  bulb-cell ;  if  several  times,  conjointly  with 
corresponding  cells  in  the  other  filaments,  a  diaphragm  results. 
►•  The  principal  conclusions  are;  that,  each  of  the  longitudinal  filaments 
is  headed,  morphologically,  by  an  apical  cell  from  which  the  cells  of  the 
filaments  and  of  a  corresponding  area  of  the  cortex  are  dei-ived,  and  that 
the  diaphragms  and  bulb-cells  are  alike  in  arising  by  outgrowths  from  the 
filaments  near  the  tip  of  the  frond. 

[For  a  more  complete  account  see  Proc.  Amer.  Acad,  of  Arts  and  Sci- 
ences, Vol.  XXIII,  pp.  111-121.] 


The  flora  of  the  Potomac  formation  in  Virginia.    By  Prof.  Wil- 
liam M.  Fontaine,  University  of  Virginia,  Va. 

[ABSTRACT.] 

The  name  Potomac  formation  has  been  applied  to  a  series  of  newer  mes- 
ozoic  sands,  gravels  and  clays,  sometimes  cemented  into  sandstones  and 
conglomerates,  which  appear  along  the  inner  margin  of  the  coastal  plain, 
forming  the  basal  member  of  the  undisturbed  mesozoic  and  cenozoic  for- 
mations of  the  eastern  United  States,  in  Virginia,  Maryland,  Delaware  and 
perhaps  other  states.  It  comprises  two  members  —  an  upper,  consisting 
generally  of  variegated  clays  which  are  well  exposed  about  Baltimore, 
and  a  lower,  consisting  predominantly  of  sands  and  gravels,  well-ex- 
posed In  the  bluffs  of  the  Potomac  river  below  Washington.  The  upper 
member  Is  known  only  north  of  Fredericksburg,  and  the  lower  is  best 
developed  from  Washington  to  Richmond.  The  life  of  the  upper  member 
Js  not  well  known,  and  the  present  paper  deals  only  with  the  sparse  ani- 
mal remains  and  abundant  plant  fossils  of  the  lower  member. 

The  animal  remains  include  a  fish,  not  yet  identified,  and  three  or  four 
species  of  Estheria. 
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The  plant  impressions  are  exceedingly  abundant  and  well  preserved. 
No  fewer  than  375  species  have  been  collected  and  identified,  or  described 
and  drawn;  and  of  these  more  than  300  are  new  to  science.  The  flora 
is  a  complex  one  and  represents  the  period  of  transition  from  the  early 
polycotyledonous  type  to  the  dicotyledonous  type  which  has  ever  since 
remained  the  predominant  one.  There  is  a  large  number  of  Jurassic  forms, 
but  these  are  associated  with  a  still  larger  number  of  forms  which  sur- 
vived in  and  even  through  the  Cretaceous. 

The  age  of  the  formation,  as  indicated  by  its  flora,  appears  to  coincide 
approximately  with  that  of  the  Lower  and  Middle  Neuronian  of  Green- 
land and  Europe.  This  testimony  of  the  plants  consists  fairly  with  the 
stratigraphy  of  the  formation,  which  is  evidently  post-Rhoetic  and  is  un- 
conformably  overlain  by  the  New  Jersey  Cretaceous. 


Methods  of  branching  in  the  fibro-vascular  system  of  plants.  By 
A.  A.  Crozier,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

fABSTHACT.] 

The  structural  study  of  plants  has  related  more  to  the  histology  of  the 
tissues  than  to  their  distribution  and  comparative  form.  Of  the  three 
systems  of  tissues  usually  distinguished  in  the  higher  plants,  the  flbro- 
vascular  is  most  closely  connected  with  their  plan  of  growth.  This  sys- 
tem first  appears  in  mosses,  where  it  is  never  more  than  a  few  vessels  at 
the  centre  of  the  stem.  In  ferns,  it  is  well  developed  and  assumes  a 
great  variety  of  forms,  usually  appearing  as  a  ring  of  separate  bundles, 
but  in  some  of  the  higher  genera  as  a  ring  of  united  bundles.  In  lyco- 
pods,  the  system  is  here  regarded  as  a  crowded  and  partially  consolidated 
ring  of  bundles.  In  endogens,  the  inner  bundles  surround  a  central  pith, 
while  the  remaining  bundles  are  believed  to  be  formed  at  the  same  time 
or  later  in  similar  surrounding  tissue. 

Two  leading  methods  of  branching  in  the  flbro-vascular  system  were 
described.  In  the  first  the  flbro-vascular  ring  of  the  stem  divides,  a  part 
being  deflected  to  the  lateral  member  without  change — illustrated  by  most 
ferns,  as  Asplenium,  and  by  the  branches  of  many  flowering  plants.  In 
the  second  method  the  parts  going  to  the  lateral  member  originate  at  the 
centre  of  single  bundles,  or  of  flbro-vascular  centres— illustrated  by  the 
leaf  in  Osmunda,  Equisetura,  Lycopodiura,  and  many  flowering  plants. 
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The  honey-plant.    By  Mrs.  F.  S.  Pease,  Buffalo,  N.  Y. 

[ABSTRACT.] 

This  plant  was  identified  by  Dr.  Beal,  and  Mr.  Scribner,  as  Ediinops 
Sphaerocephalus,  a  perennial,  and  native  of  Central  France.  It  was  first  in- 
troduced and  successfully  grown  in  this  country  by  Mr.  H.  Chapman  of 
Versailles,  New  York,  six  years  ago.  It  did  not  bloom  the  first  year,  but 
the  second  and  third  years  he  obtained  from  seed  spherical  blossoms  of  a 
fragrant  odor,  which  proved  an  irresistible  attraction  to  all  the  bees  in 
the  neighborhood.  From  the  small  beginning,  Mr.  Chapman  has  this  year 
ten  acres  in  full  bloom.  The  seed  should  be  gathered  as  soon  as  the  balls 
turn  brown,  and  when  ripe  the  seed  can  easily  be  shaken  from  the  balls. 
The  plant  grows  from  four  to  five  feet  high,  with  large  prickly  leaves, 
which  with  the  stalk  resemble  those  of  the  thistle.  The  blossoming  is  in 
accordance  with  the  thrift  of  the  plant,  the  soil,  and  the  season.  It  con- 
sists often  to  thirty  spherical  shaped  heads,  from  one  and  one-half  to  two 
Inches  in  diameter,  and  very  productive  of  nectar.  The  heads  all  stand 
apright,  and  are  round  like  a  ball,  the  entire  surface  being  covered  with 
white  fiowers  bearing  bluish  stamens.  The  flowerets  on  the  top  of  the 
sphere  open  first,  and  then  those  along  the  sides ;  the  opening  continu- 
ing in  the  order  of  nature  around  the  surface  of  the  spherical  head;  the 
last  flowerets  opening  near  to  the  stem  after  the  blossoms  on  the  top  of 
the  heads  have  faded  and  the  seed  capsules  of  the  first  blossoms  have 
hardened.  The  seeds  are  in  weight  and  appearance  very  much  like  the 
grains  of  rye,  are  enclosed  in  a  capsule,  and  fall  directly  to  the  ground,  un- 
like those  of  the  thistle,  which  may  be  blown  away. 

The  length  of  time  from  the  first  appearance  of  the  blossoms  until  the 
falling  of  the  first  blossom  is  about  eight  days,  but  the  heads  or  balls,  sent 
out  from  individual  shoots  forming  clusters,  vary  in  age  and  size ;  so  that 
the  honey-bearing  is  continued  from  twenty  to  thirty  days.  The  season 
and  length  of  time  of  blossoming  may  be  extended  by  cutting  back  por- 
tions of  the  plant,  thereby  forming  fresh  blossoms  and  supplies.  The 
plant  is  hardy,  easily  propagated  and  grows  in  any  soil,  even  clay  if  not 
too  wet,  in  which  case  it  will  leaf  out  the  same  as  wheat  or  other  crops. 
It  can  be  planted  in  waste  places,  in  drill,  or  on  hill-sides  like  cotton  seed, 
and  seems  to  take  possession  of  the  soil,  exterminating  all  weeds  and 
other  vegetation.  The  plant  has  been  grown  in  various  soils  throughout 
the  United  States  and  Canada  during  the  last  two  years,  and  in  all  cases 
successfully. 

Its  value  to  the  honey-producer  seems  beyond  all  question,  as  by  actual 
countthe  number  of  bees  that  visited  a  single  head  from  5  o'clock  a.  m.  to 
7  o'clock  p.  M.  was  two  thousand  one  hundred  and  thirty-five,  the  blossoms 
of  one  plant  of  thirty  heads  furnishing  supplies  for  over  sixty-four  thousand 
bees. 

In  1886,  in  an  apiary  of  some  149  colonies,  the  bees  made  an  excellent 
showing  in  the  hives  from  this  plant,  all  other  resources  for  honey  gather- 
ing being  destroyed  by  the  severe  drought.  The  honey  in  all  cases  is  pro- 
nounced of  superior  quality. 
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Products  from  the  honky-plant  seed.    By  F,  S.  Pease,  Buffalo,  N.  Y. 

[ABSTRACT.] 

The  seed  was  obtained  from  the  honey-plant  grown  by  H.  Chapman. 
This  seed  yields  an  oil  of  peculiar  properties,  of  pleasant  odor,  and  not 
unpleasant  taste. 

There  are  about  27,000  honey-plant  seeds  in  one  pound,  and  one  pound  of 
this  seed,  even  when  pressed  in  a  crude  way,  yields  four  and  one-quarter  to 
four  and  one-half  ounces  of  oil,  a  single  grain  of  seed,  pressed  in  a  pair  of 
pincers  showing  the  yield  of  oil. 

Compared  with  linseed,  the  commercial  weight  of  which  is  fifty-six  pounds 
to  the  bushel,  the  yield  is  two  gallons  of  oil,  or  twenty-eight  pounds  to 
one  gallon  of  120  ounces.  Twenty-eight  pounds  of  the  honey-plant  seed 
with  improved  crushers,  should  yield  four  and  one-half  ounces  to  the  pound, 
or  126  ounces  against  120  ounces  of  linseed. 

The  specific  gravity  of  the  honey-plant  oil  is  21|°.  Beaume  linseed  oil 
being  20°  and  unbleached  cotton-seed  oil  22°. 

The  oil  shows  no  acid-reaction  after  an  exposure  of  twelve  months  to 
the  air,  and  resembles  poppy-seed  oil  in  many  respects  with  far  less  vis- 
cosity than  either  poppy  or  rape-seed  oil.  The  flash  and  fire  test  show 
wonderful  results,  and  are  very  high,  but  few  oils  equalling  it. 

The  first  flash  occurred  at  545°  F.  and  a  very  light  flash  compared  with 
other  oils,  every  five  degrees  to  615°  F.  the  fire  test, —  but  not  permanent, 
boiling  lightly  at  600°  F.  At  this  high  test,  the  boiled  oil  changes  color 
to  a  dark  garnet,  but  unlike  linseed  oil,  which  becomes  a  varnish,  the  odor 
still  remained  pleasant  at  this  heat.  It  stands  a  test  of  zero  —  0°  cold 
without  change. 

From  the  crude  experimental  test  made,  we  are  led  to  believe  that  this 
new  oil  from  the  honey-plant  seed  possesses  a  commercial  value  equal  to 
any  of  the  seed  oils,  and  superior  to  many,  and  we  expect  to  see  it  classed 
as  a  burning,  a  lubricating  and  a  salad  oil  for  culinary  uses,  also  for  ar- 
tists' and  painters'  use.  The  residuum,  or  cake,  left  after  the  oil  has  been 
pressed  out,  seems  to  possess  a  medicinal  property  of  some  kind.  To  the 
taste,  it  is  intensely  bitter  like  quinine.  At  present  we  do  not  know  what 
its  medicinal  properties  are.  Linseed  produces  two  products,  both  valu- 
able, the  oil  and  the  cake.  The  honey-plant  seed,  two  also,  that  may  prove 
as  valuable,  a  nectar  for  the  bees,  and  a  new-oil,  and  also  a  third  product 
from  the  residuum  after  the  oil  is  extracted,  which  we  believe  will  prove 
a  vei'y  important  one,  and  be  of  more  value  than  either  nectar  or  oil. 

The  literature  on  the  plant  is  very  meagre,  it  being  mentioned  only  in  a 
French  botanical  work  published  in  1882,  one  year  later  than  the  discovery 
of  the  plant  in  this  country,  and  there  is  no  mention  of  its  being  an  oil- 
bearing  plant. 
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Some  xotes  ox  American  boses.    By  Serexo  Watson,  Botanic  Garden, 
Cambridge,  Mass. 
The  paper  consisted  of  a  brief  characterization  of  the  species  of  North 
American  roses. 


A  COMPARISON   of  the  EPIDERMAL    SYSTEM   OF  PLANTS.      By  Prof.    W.   J. 

Beal,  Agricultural  College,  Mich. 


Notes  on  the  Catalpa  leaf-spot  disease.    By  Effie  A.  Southworth, 
Forestville,  N.  Y. 


The  flora  of  the  Amboy  clays.    By  Prof.  J.  S.  Newberry,  Columbia 
College,  New  York,  N.  Y. 
[The  substance  of  this  paper  is  given  in  the  Bulletin  of  the  Torry  Botan- 
ical Club,  for  March,  1886.] 


A  study  of  Silphium  perfoliatum  and  Dipsacus  laciniatus  in  re- 
gard TO  insects.  By  Prof.  W.  J.  Beal,  and  C.  E.  St.  John,  Agri- 
cultural College,  Mich.  [Printed  in  AiU  in  Botanical  Gazette  for 
November,  1887.] 


Morphology  of  the  legs  of  hymenopterous  insects.    By  Prof.  A.  J. 
Cook,  Agricultural  College,  Mich. 


On  the  morphology  of   the  skull,  and  the   evolution  of   the 
ICHTHYypTERYGiA.    By  Dr.  George  Baur,  New  Haven,  Conn. 


On  the  morphology  of  the  Kibs.    By  Dr.  George  Baur,  New  Haven, 
Conn. 
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ADDRESS 

BY 

DANIEL  G.  BRINTON,  M.D., 

VICK  PRESIDENT,   SECTION  H. 


A  BE  VIEW  OF  THE  DATA  FOB  THE  STUDY  OF  THE 
PBEHISTOBIO  GHBONOLOGY  OF  AMEBIC  A. 


Early  in  this  century  the  doubt  was  expressed  by  Alexander 
von  Humboldt  whether  it  is  philosophical  to  inquire  into  the  origin 
of  any  of  the  human  races  or  sub-species.  Although  he  expressed 
this  doubt  with  particular  reference  to  the  American  race,  I  believe 
I  am  right  in  assuming  that  the  hesitancy  he  felt  in  pushing  in- 
quiry so  far,  should  now  disappear  in  view  of  new  methods  of  re- 
search and  a  wider  range  of  observations  on  which  to  found  opinions. 
We  may  not,  in  fact  we  shall  not,  be  able  to  trace  the  American  or 
any  other  sub-species  directly  back  to  its  origin  in  place  or  time  ; 
but  by  reviewing  all  the  data  which  have  been  offered  in  solution  of 
such  a  problem,  we  may  perceptibly  narrow  the  question,  and  also 
estimate  the  relative  value  of  the  means  proposed.  It  is  to  such  a 
review,  applied  to  the  American  race,  that  1  now  invite  your  atten- 
tion. 

The  prehistoric  antiquity  of  America  dates  back  from  the  ex- 
ploration of  the  continent  by  the  Europeans.  It  is  therefore  not 
the  same  in  all  parts  ;  but  in  this  respect  we  merely  follow  the  anal- 
ogy of  European  archaeology,  which  also  is  obliged  to  begin  its 
studies  of  prehistoric  times  from  different  dates.  A  savage  tribe 
enters  history  when  its  records  first  become  preserved  in  writing, 
and  all  time  anterior  is  its  prehistoric  period.  To  reconstruct  the 
story  of  its  life,  its  growth,  its  migrations  and  actions  during 
the  indefinitely  long  lapse  of  years  before  it  appears  in  history  is 
the  task  of  the  archiEologist.  I  propose  to  examine,  so  far  as  this 
task  refers  to  America,  what  means  have  been  suggested  for  ac- 
complishing it,  and  what  they  are  worth.  In  such  a  wide  survey 
you  must  pardon  the  unavoidable  superficiality  of  treatment. 
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The  data  upon  which  theories  of  the  antiquit}',  the  genealogy 
and  the  affinities  of  this  race  have  been  constructed  are  varied. 
For  convenience  of  treatment  I  shall  class  them  under  six  heads. 
They  are : 

I.  Legendary^  including  the  traditions  of  the  native  tribes  and 
their  own  statement  of  their  history. 

II.  Monumental,  where  we  have  to  do  with  those  structures 
whose  age  or  character  seems  to  throw  light  on  the  question. 

III.  Industrial,  under  which  heading  we  may  inquire  as  to  the 
origin  of  both  the  useful  and  the  decorative  arts  in  the  New  World. 

IV.  Linguistic,  broaching  the  immense  and  important  questions 
as  to  the  diversitj'  and  affinities  of  languages. 

V.  Physical,  which  takes  into  consideration  the  anatomic  and 
morphologic  peculiarities  of  the  American  race  ;  and  finally 

VI.  Geologic,  where  its  position  in  the  geologic  horizons  is  to 
be  determined,  and  the  influence  upon  it  of  the  physical  geography 
of  the  continent. 

Legendary.  Turning  to  the  first  of  these,  the  legendary  data,  I 
confess  to  a  feeling  of  surprise  to  discover  that  very  learned  schol- 
ars should  still  hold  to  the  opinion  that  the  native  tribes,  even 
some  of  the  most  savage  of  them,  retain  to  this  day  traditions 
which  they  had  brought  from  their  supposed  Asiatic  homes.  Thus 
the  learned  missionaries,  Bishop  Henry  Faraud  and  the  Abbe 
Emile  Petitot,  both  entirely  familiar  with  the  Cree  and  the  Atha- 
paskan  languages  and  lore,  insist  that  the  myths  and  legends  of 
these  tribes  bear  such  strong  resemblances  to  the  Semitic  tradi- 
tions that  both  must  have  had  a  common  origin.  No  one  can  deny 
the  resemblance  ;  but  the  scientific  student  of  mythology  discovers 
such  identities  too  frequently  and  at  points  too  remote,  to  ask  any 
other  explanation  for  them  than  the  common  nature  of  the  human 
mind. 

The  question  has  been  often  raised  how  long  a  savage  tribe,  ig- 
norant of  writing,  is  likely  to  retain  the  memory  of  past  deeds. 
From  a  great  many  examples  in  America  and  elsewhere,  it  is  prob- 
able that  the  lapse  of  five  generations,  or  say  two  centuries,  com- 
pletely obliterates  all  recollection  of  historic  occurrences.  Of 
course,  there  are  certain  events  of  continuous  influence  which  may 
be  retained  in  memory  longer  :  for  example,  the  federation  of  prom- 
inent tribes  ;  and  perhaps  a  genealogy  may  run  back  farther.  My 
learned  friend,  Dr.  Boas,  informs  me  that  some  tribes  on  Vancou- 
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ver's  Island  pretend  to  preserve  their  genealogies  for  twelve  or 
fifteen  generations  back ;  but  he  adds  that  the  remoter  names  are 
clearly  of  mythical  purport. 

It  appears  obvious  that  all  efforts  to  establish  a  prehistoric  chro- 
nology on  the  legends  of  savage  tribes,  are  and  must  be  vain. 

The  case  is  not  much  better  with  those  serai-civilized  American 
nations,  the  Mayas  and  Nahuas,  who  possessed  a  partially  phonetic 
alphabet,  or  with  the  Quichuas,  who  preserved  their  records  by  the 
ingenious  device  of  the  quipu.  Manco  Capac,  the  alleged  founder 
of  the  Peruvian  state,  floats  before  us  as  a  vague  and  mythical 
figure,  though  he  is  placed  in  time  not  earlier  than  the  date  when 
Leif  the  son  of  Eric  anchored  his  warship  on  the  New  England 
coast.  Historians  are  agreed  that  the  long  lists  of  Incas  in  the 
pages  of  Montesinos,  extending  about  two  thousand  years  anterior 
to  the  Conquest,  are  spurious,  due  to  the  imagination  or  the  easy 
credulity  of  that  writer. 

The  annals  of  Mexico  fare  no  better  before  the  fire  of  criticism. 
It  is  extremely  doubtful  that  their  earliest  reminiscences  refer  to 
any  event  outside  the  narrow  valley  parcelled  out  between  the 
petty  states  of  Tenochtitlan,  Tezcuco,  and  Tlacopan.  The  only 
fact  that  bears  out  the  long  and  mysterious  journey  from  the  land 
of  the  Seven  Caves,  Chicomoztoc,  in  the  distant  northwest,  by  the 
great  water,  is  that  the  learned  and  indefatigable  Buschmann  has 
conclusively  shown  that  the  four  languages  of  Sonora  and  all  the 
dialects  of  the  Shoshonian  family  reveal  marks  of  continued  and 
deep  impressions  of  the  Nahuatl  tongue.  But  the  chronicles  of 
Mexico  proper  contain  no  fixed  date  prior  to  that  of  the  founding 
of  the  city  of  Tenochtitlan,  in  the  year  1325  of  our  era. 

I  am  aware  that  there  are  still  some  writers  who  maintain  that 
both  the  Mexican  and  the  Maya  astronomic  cycles  assume  a  com- 
mencement for  their  records  centuries,  even  thousands  of  years, 
before  the  beginning  of  our  era.  These  opinions,  however,  have 
not  obtained  the  assent  of  other  students.  We  are  too  ignorant 
both  of  the  astronomy  and  the  methods  of  writing  of  these  nations 
to  admit  such  claims ;  and  the  facts  advanced  are  capable  of  quite 
other  interpretation. 

It  is,  on  the  whole,  rare  for  the  American  tribes  to  declare  them- 
selves autochthonous.  The  Mayas,  on  the  peninsula  of  Yucatan, 
stated  that  their  earliest  ancestors  came  there  from  beyond  the 
seas,  some  from  the  far  east,  others  from  the  west.     So  the  Toltecs , 
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under  Qiietzalcoatl,  were  fabled  to  have  entered  Mexico  from  be- 
j'ond  the  Eastern  Ocean.  The  Creeks  and  Choctaws  pointed  to  the 
west,  the  Algonkins  generally  to  the  east,  as  their  primal  home. 
These  legends  are  chiefly  mythical,  not  much  truer  than  those  of 
other  tribes  who  claimed  to  have  climbed  up  from  some  under- 
world. Sifting  them  all,  we  shall  find  in  them  little  to  enlighten 
us  as  to  the  prehistoric  chronology  of  the  tribes,  though  they  may 
furnish  interesting  vistas  in  comparative  mythology. 

That  in  which  we  may  expect  the  legends  of  tribes  to  be  of  most 
avail  is  their  later  history,  the  record  of  their  wars,  migrations 
and  social  development  within  a  few  generations.  The  spirit  of 
the  uncivilized  man  is,  how^ever,  very  careless  of  the  past.  We 
have  means  of  testing  the  exactness  of  such  traditions  in  some 
Instances,  and  the  result  is  rarely  such  as  to  inspire  confidence  in 
verbal  records.  Those  of  you  who  were  present  at  the  last  meet- 
ing will  remember  how  diversely  two  able  students  of  Iroquois  tra- 
dition estimated  its  value.  Even  when  remarkable  events  are  not 
forgotten,  the  dates  of  their  occurrence  are  generally  vague.  The 
inference,  therefore,  is  that  ver}'  few  data,  dependent  on  legendary 
evidence  alone,  can  be  accepted. 

Monumental.  When  we  turn  to  the  monumental  data,  to  the 
architecture  and  structural  relics  of  the  ancient  Americans,  we 
naturally  think  first  of  the  imposing  stone-built  fortresses  of  Peru, 
the  massive  pyramids  and  temples  of  Yucatan  and  Mexico,  and 
the  vast  brick-piles  of  the  Pueblo  Indians. 

It  is  doubtful  if  any  of  these  notable  monuments  supply  prehis- 
toric dates  of  excessive  antiquity.  The  pueblos,  both  those  now 
occupied  and  the  vastly  greater  number  whose  ruins  lie  scattered 
over  the  valleys  and  mesas  of  New  Mexico  and  Arizona,  were 
constructed  b}^  the  ancestors  of  the  tribes  who  still  inhabit  that 
region,  and  this  at  no  distant  day.  Though  we  cannot  assign  ex- 
act dates  to  the  development  of  this  peculiar  civilization,  there  are 
abundant  reasons,  drawn  from  language,  physical  geography  and 
the  character  of  the  architecture,  to  include  all  these  structures 
well  within  the  period  since  the  commenoement  of  our  era. 

There  is  every  reason  to  suppose  that  the  same  is  true  of  all  the 
stone  and  brick  edifices  of  Mexico  and  Central  America.  The 
majority  of  them  were  occupied  at  the  period  of  the  Conquest ; 
others  were  in  process  of  building,  and  of  others  the  record  of 
the  date  of  their  construction  was  clearly  in  memory  and  was  not 
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distant.  Thus,  the  famous  temple  of  Huitzilopochtli  at  Tenoch- 
titlan,  and  the  spacious  palace  —  or,  if  you  prefer  the  word  "com- 
munal house"  —  of  the  ruler  of  Tezcuco,  had  been  completed  with- 
in the  lifetime  of  many  who  met  the  Spaniards.  To  be  sure, 
even  then  there  were  once  famous  cities  fallen  to  ruin  and  sunk  to 
oblivion  in  the  tropical  forests.  Such  was  Palenque  which  could 
not  have  failed  to  have  attracted  the  attention  of  Cortes  had  it 
been  inhabited. 

Such  also  was  T'Ho,  on  the  site  of  the  present  City  of  Merida, 
Yucatan,  where  the  earliest  explorers  found  lofty  stone  mounds 
and  temples  covered  with  a  forest  as  heavy  as  the  primitive 
growth  around  it.  But  tradition  and  the  present  condition  of 
such  of  these  old  cities,  as  have  been  examined,  unite  in  the  prob- 
ability that  they  do  not  antedate  the  conquest  more  than  a  few 
centuries. 

In  the  opinion  of  some  observers,  the  enigmatical  ruins  on  the 
plain  of  Tiahuanaco,  a  few  leagues  from  the  shore  of  Lake  Titl- 
caca,  in  Peru,  carry  us  far,  very  far,  beyond  any  such  modern  date. 
"  Even  the  memory  of  their  builders,"  says  one  of  the  most  recent 
vistors  to  these  marvellous  relics,  General  Bartolome  Mitre,  "  even 
their  memory  was  lost  thousands  of  years  before  the  discovery  of 
America." 

Such  a  statement  is  neither  more  nor  less  than  a  confession  of 
ignorance.  "We  have  not  discovered  the  period  nor  the  people  con- 
cerned in  the  ruins  of  Tiahuanaco.  It  must  be  remembered  that 
they  are  not  the  remains  of  a  populous  city,  but  merely  the  foun- 
dations and  beginnings  of  some  vast  religious  edifice  which  was 
left  incomplete,  probably  owing  to  the  death  of  the  projector  or 
to  unforeseen  difficulties.  If  this  is  borne  in  mind,  much  of  the 
obscurity  about  the  origin,  the  purpose  and  the  position  of  these 
structures  will  be  removed.  They  do  not  justify  a  claim  to  an  age  of 
thousands  of  years  before  the  Conquest ;  hundreds  will  suffice. 
Nor  is  it  necessary  to  assent  to  the  opinion  advanced  by  General 
Mitre,  and  supported  by  some  other  archaeologists,  that  the  most 
ancient  monuments  in  America  are  those  of  most  perfect  con- 
struction, and,  therefore,  that  in  this  continent,  there  has  been,  in 
civilization,  not  progress  but  failure,  not  advance  but  retrogres- 
sion. 

Tlie  uncertainty  which  rests  over  the  age  of  the  structures  at  Tia- 
huanaco is  scarcely  greater  than  that  which  still  shrouds  the  origin 
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of  the  mounds  and  earthworks  of  the  Ohio  and  Upper  Mississippi 
valleys.  Yet  I  venture  to  say  that  the  opinion  is  steadily  gaining 
ground  that  these  interesting  memorials  of  vanished  nations  are 
not  older  than  the  mediaeval  period  of  European  history.  The 
condition  of  the  arts  which  they  reveal  indicates  a  date  that  we 
must  place  among  the  more  recent  in  American  chronology.  The 
simple  fact  that  tobacco  and  maize  were  cultivated  plants  is  evi- 
dence enough  for  this. 

There  is,  however,  a  class  of  monuments  of  much  greater  an- 
tiquity than  any  I  have  mentioned.  These  are  the  artificial  shell- 
heaps  which  are  found  along  the  shores  of  both  oceans  and  of 
many  rivers  in  both  North  and  South  America.  They  correspond 
to  the  kitchen-middens  of  European  archaeology. 

In  several  parts  of  the  continent  they  have  been  examined  by 
competent  observers  and  the  question  of  their  antiquity  approxi- 
mately ascertained.  I  need  not  say  this  differs  widely,  for  these 
refuse  heaps  of  ancient  villages  or  stations  were  of  course  begun 
at  wide  intervals.  Those  along  the  coast  of  Maine,  as  reported 
upon  by  Prof.  Jeffries  Wyman,  did  not  yield  the  bones  of  any  ex- 
tinct animal,  although  the  presence  of  the  remains  of  the  great 
auk,  now  found  only  in  the  arctic  regions,  speaks  for  a  condition 
of  climate  different  from  that  obtaining  at  present.  There  is  one 
fact,  however,  which  must  be  borne  in  mind  in  examining  the  shell- 
heaps  of  Maine  and  of  other  localities  immediately  bordering  the 
ocean.  The  shores  of  that  state  have  been  steadily  yielding  to  the 
encroachment  of  the  waves,  and  therefore  the  most  ancient  shell- 
heaps  may  reasonably  be  supposed  to  have  been  washed  away. 

The  same  observer.  Professor  Wyman,  assigns  a  vastly  greater 
age  to  the  maritime  shell-heaps  of  Florida. 

Further  to  the  south,  in  Costa  Rica,  Dr.  Earle  Flint  has  exam- 
ined the  extensive  artificial  shell  deposits  which  are  found  along 
the  shores  of  that  republic.  They  are  many  feet  in  height,  covered 
by  a  dense  forest  of  primeval  appearance,  and  are  undoubtedly  of 
human  origin.  He  does  not  hesitate  to  assign  to  them  an  age  of 
20,000  years,  but  I  have  not  learned  whether  they  contain  the  re- 
mains of  extinct  species. 

In  Brazil  such  shell-heaps  are  called  samhaquis,  and  they  are  of 
frequent  occurrence  along  the  baj^s  and  inlets  of  the  coast.  Some 
of  them  are  of  extraordinary  dimensions,  rising  occasionally  to 
more  than  a  hundred  feet  in  height.    The  lower  layers  have  been 
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consolidated  into  a  firm,  stonj'  breccia  of  shells  and  bones,  while 
the  surface  stratum,  from  six  to  ten  feet  thick,  is  composed  of  sand 
and  vegetable  loam,  supporting  a  growth  of  the  largest  trees. 
Yet  even  the  lowest  layers  of  this  breccia,  or  shell-conglomerate, 
yield  tokens  of  human  industry,  as  stone  axes,  flint  arrowheads, 
chisels,  and  fragments  of  very  rude  pottery,  as  well  as  human 
bones,  sometimes  split  to  extract  the  marrow.  The  shells  are  by 
no  means  all  of  modern  type.  Many  are  of  species  now  wholly 
extinct,  or  extinct  in  the  localit}'.  This  fact  alone  carries  us  back 
to  an  antiquity  which  must  be  numbered  by  many  thousands  of 
j'cars  before  our  era.  At  that  remote  period  not  only  did  a  fish- 
ing and  hunting  race  dwell  along  the  Brazilian  coast,  but  this  race 
was  fairly  advanced  on  the  path  to  culture,  it  was  acquainted  with 
pottery,  with  compound  implements,  and  with  the  polishing  of 
stone.  We  further  know  that  this  race  was  not  that  which  occu- 
pied the  land  when  the  whites  discovered  it ;  for  the  human  skulls 
disinterred  from  the  sambaquis  are,  craniologically,  almost  dia- 
metrically opposite  those  of  the  Botocudos  and  the  Tupis.  Yet  if 
we  can  trust  the  researches  of  Dr.  Lund  in  the  caverns  of  Brazil, 
the  oldest  skulls  in  these  deposits,  found  in  immediate  connection 
with  the  bones  of  extinct  mammalia,  belonged  to  the  ancestors  of 
these  tribes.  Markedly'  dolichocephalic,  they  present  an  entire 
contrast  to  the  brachycephalic  type  from  the  sambaquis. 

This  class  of  monuments,  therefore,  supply  us  data  which  prove 
man's  existence  in  America  in  what  some  call  the  diluvial,  others 
the  quaternary  and  others  again  the  pleistocene  epoch,  that  char- 
acterized by  the  presence  of  extinct  species. 

Industrial.  Let  us  now  turn  to  the  industrial  activity  of  the 
American  race,  and  see  whether  it  will  furnish  us  other  data  con- 
cerning the  prehistoric  life  of  the  New  World.  We  may  reasona- 
bly look  in  this  direction  for  aid,  since  it  is  now  universally  con- 
ceded that  at  no  time  did  man  spring  into  being  fully  armed 
and  equipped  for  the  struggle  for  existence,  but  everywhere  fol- 
lowed the  same  path  of  painful  effort  from  absolute  Ignorance  and 
utter  feebleness  to  knowledge  and  power.  At  first,  his  only  weap- 
ons or  tools  were  such  as  he  possessed  in  common  with  the  anthro- 
poid apes :  to  wit,  an  unshapen  stone  and  a  broken  stick.  Little 
by  little,  he  learned  to  fit  his  stone  to  his  hand  and  to  ciilp  it  to  an 
edge,  and  with  this  he  could  sharpen  the  end  of  his  stick,  thus 
providing  himself  with  a  spear  and  an  axe. 
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It  was  long  before  he  learned  to  shape  and  adjust  the  stone 
to  the  end  of  the  stick,  and  to  hurl  this  by  means  of  a  cord  at- 
tached to  a  second  and  elastic  stick,  in  other  words,  a  bow  ;  still 
longer  before  he  discovered  the  art  of  polishing  and  boring  stones 
and  fashioning  clay  into  vessels.  These  simple  arts  are  landmarks 
in  the  progres?  of  the  race  :  the  latter  divides  the  history  of  culture 
into  the  palaeolithic  or  rough  stone  period ;  and  the  neolithic  or 
polished  stone  period  ;  while  the  shaping  of  a  stone  for  attachment 
to  a  handle  or  shaft  marks  the  difference  between  the  period  of 
compound  implements  and  the  early  period  of  simple  implements, 
both  included  in  the  older  or  palaeolithic  age.  With  these  princi- 
ciples  as  guides,  we  may  ask  how  far  back  on  this  scale  do  the  in- 
dustrial relics  in  America  carry  us  ? 

I  have  spoken  of  the  great  antiquity  of  some  of  the  American 
shell-heaps,  how  they  carry  us  back  to  the  diluvial  epoch,  and  that 
of  numerous  extinct  species.  Yet  it  is  true  that  in  the  oldest 
hitherto  examined  in  Brazil,  Guiana,  Costa  Rica  and  Florida, 
fragments  of  pottery,  of  polished  stone,  and  compound  implements 
occur  even  in  the  lowest  strata.  Venerable  though  they  are,  they 
supply  no  date  older  than  what  in  Europe  we  should  call  the  neo- 
lithic period.  The  arrowheads  which  have  been  exhumed  from  the 
loess  of  the  ancient  lakebeds  of  Nebraska,  and  the  netsinkers  and 
celts  which  have  been  recovered  from  the  auriferous  gravels  of 
CaliCornia,  prove  by  their  form  and  finish  that  the  tribes  who  fash- 
ioned them  had  already  taken  long  strides  beyond  the  culture  of 
the  earlier  palaeolithic  age.  The  same  is  true,  though  in  a  less 
degree,  of  the  chipped  stones  and  bones  which  Ameghino  exhumed 
from  the  lacustrine  deposits  of  the  Pampas,  although  he  proves 
that  these  relics  were  the  products  of  tribes  contemporary  with 
the  extinct  glyptodon  and  mylodon,  as  well  as  the  fossil  horse  and 
dog.  In  the  very  oldest  station  which  he  examined,  there  appears 
to  have  been  found  a  quartz  arrowhead ;  yet  he  argues  that  this 
station  dated  from  the  pliocene  division  of  the  tertiary,  long  an- 
terior to  the  austral  glacial  epoch.  This  leaves  another  such  open 
conflict  between  geology  and  the  history  of  culture,  as  Professor 
Rau  has  already  pointed  out  as  existing  in  Californian  archaeology. 

Tht'  only  station  in  America  which  has  furnished  an  ample  line 
of  specimens,  and  among  them  not  one,  so  far  as  I  know,  indica- 
ting a  knowledge  of  compound  implements,  is  that  of  the  Trenton 
gravels,  New  Jersey.     There  alone  do  we  appear  to  be  in  face 
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of  a  stage  of  culture  as  primitive  as  that  of  the  stations  of  Chelles 
and  St.  Acheul,  in  France,  absolutely  without  pottery,  without 
polished  stone,  without  compound  implements. 

Assuming  that  these  post-glacial  gravels  about  Trenton  supply 
us  the  eai'liest  authentic  starting  point  in  the  history  of  culture  on 
this  continent,  the  later  developments  of  industry  will  furnish  us 
a  number  of  other  data.  This  first  date  was  long  before  the  ex- 
tinction of  the  native  American  horse,  the  elephant,  the  mammoth, 
and  other  animals  important  to  early  man.  There  is  nothing  un- 
likely therefore  in  the  reported  discoveries  of  his  pointed  flints  or 
his  bones  in  place  along  with  the  remains  of  these  quadrupeds ; 
nor  would  it  be  surprising  to  find  that  he  had  scratched  rudely 
their  outlines  on  stones  or  bones,  or  imitated  their  forms  in  his  uten- 
sils as  did  the  savages  of  La  Madeleine.  There  is  no  a  priori 
argument  against  mastodon  mounds  or  pipes  ;  their  authenticity  is 
merely  a  question  of  evidence. 

In  a  recent  essay.  Dr.  Richard  Andree  has  shown  by  a  wide  col- 
lation of  instances  how  readily  even  the  least  cultured  savages  turn 
to  an  imitation  of  natural  objects  by  lines  and  colors.  Drawing 
and  painting  were  among  the  earliest  acquisitions  of  man.  Paint- 
pots  and  scratched  bones  are  exhumed  from  deposits  of  the  rein- 
deer age  in  Europe,  and  in  America  scarcely  a  tribe  but  exhibited 
a  taste  for  such  amusements. 

It  is  not  enough  to  stop  by  proving  this.  In  these  childish 
markings  we  note  the  infancy  of  the  arts  of  sculpture  and  paint- 
ing. They  contain  the  first  chapters  of  the  history  of  the  aesthetic 
senses,  of  the  effort  to  body  fortli  in  representations  the  concep- 
tions of  the  mind.  To  the  extent  that  they  display  an  apprecia- 
tion of  organic  symmetry  of  form,  and  an  approach  toward  the 
ideally  beautiful,  they  reveal  those  subtle  and  delicate  perceptions 
which  lead  up  to  the  highest  levels  of  art. 

I  should  like  to  emphasize  this  point,  because  collectors  and 
archaeologists  are  inclined  to  limit  their  attention  to  the  relative 
degrees  of  mere  technical  skill  displayed  in  the  products  of  indus- 
try. There  may,  however,  be  really  wonderful  technical  skill  with 
a  total  absence  of  the  idea  of  the  beautiful.  Yet  as  a  test  of  na- 
tional psychical  endowments,  the  latter  is  infinitely  the  more  indic- 
ative. Compare  one  of  those  figurines  from  Tenagra  in  BoGotia 
with  a  Chinese  god  elaborately  chiselled  from  ivory  or  bronze : 
the  one  is  a  hurriedly  moulded  toy  of  clay,  the  other  the  labor  of 
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painful  years  ;  but  the  former  reveals  a  potentiality  in  the  nation 
"which  designed  it  far  beyond  the  possibilities  of  the  latter.  In 
prehistoric  art  the  germs  of  the  sense  of  symmetry,  of  ideal  beauty, 
in  outline  and  form,  offer  us  data  by  which  we  can  measure  the 
psychical  development  of  tribes  more  accurately  than  by  any  other 
objective  test. 

Not  only  the  form  but  the  material  of  implements  supplies  us 
data.  If  man  in  his  earliest  stages,  was,  as  some  maintain,  quite 
migratory,  it  is  certain  that  he  did  not  carry  his  stone  implements 
with  him,  nor  did  he  obtain  by  barter  or  capture  those  of  other 
tribes.  All  the  oldest  implements  are  manufactured  from  the  rocks 
of  the  locality.  When,  therefore,  we  find  a  weapon  of  a  material 
not  obtainable  in  the  vicinity,  we  have  a  sure  indication  that  it  be- 
longs to  a  period  of  development  considerably  beyond  the  earliest. 
When  the  obsidian  of  the  Yellowstone  Park  is  found  in  Ohio,  when 
the  black  slate  of  Vancouver's  Island  is  exhumed  in  Delaware,  it 
is  obvious  we  must  assume  for  such  extensive  transits  a  very  notice- 
able aesthetic  and  commercial  development.  But  what  shall  we  say 
when  the  jade  of  an  implement  from  Central  America  is  pi'onounced 
identical  with  that  from  Central  China,  or  the  copper  of  a  chisel 
from  Ohio  is  asserted  to  have  been  derived  from  Peru  ?  We  must 
hold  our  judgment  in  suspense  till  this  identity  is  proved. 

I  can  but  touch  in  the  lightest  manner  on  the  data  offered  by 
the  vast  realm  of  industrial  activity.  _  The  return  it  offers  is  abun- 
dant, but  the  harvesting  delicate.  In  the  dissemination  of  certain 
arts,  certain  inventions,  certain  decorative  designs  and  aesthetic 
conceptions  from  one  tribe  to  another,  we  have  a  most  valuable 
means  of  tracing  the  prehisjtoric  intercourse  of  nations :  but  we 
must  sedulously  discriminate  such  boi'rowing  from  the  synchronous 
and  similar  development  of  independent  culture  under  like  condi- 
tions. 

In  one  department  of  industry  we  shall  be  largel}"^  free  from  this 
danger,  that  is,  in  the  extension  of  agriculture.  One  of  America's 
ablest  ethnologists.  Dr.  Charles  Pickering,  as  the  result  of  a  life- 
time devoted  to  his  science,  finally  settled  upon  the  extension  of 
cultivated  plants  as  the  safest  guide  in  the  labyrinth  of  prehistoric 
migrations.  Its  value  is  easily  seen  in  America  when  we  reflect 
that  the  two  tropical  plants,  maize  and  tobacco,  extended  their 
area  in  most  remote  times  from  their  limited  local  habitat  about 
the  Isthmus  of  Tehuantepec  to  the  north  as  far  as  the  St.  Lawrence 
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river  and  to  the  south  quite  to  the  Archipelago  of  Chiloe.  Their 
presence  is  easily  traced  by  the  stone  -  or  earthen-ware  implements 
required  for  their  use.  How  many  ages  it  must  have  required  for 
these  plants  to  have  thus  extended  their  domain  amid  hostile  and 
savage  tribes  through  five  thousand  miles  of  space  ! 

The  squash,  the  bean,  the  potato  and  the  mandioca  are  native 
food  plants  offering  in  a  less  degree  similar  material  for  tracing 
ancient  commerce  and  migration.  Humboldt  and  others  have 
claimed  as  much  for  the  banana  (Musa  paradisiaca) ,  but  the  re- 
cent researches  of  Dr.  Karl  von  den  Steinen  have  removed  that 
valued  fruit  from  the  list  of  native  American  plants.  Both  species 
of  banana  (M.  paradisiaca  and  M.  sapientium)  were  undoubtedly 
introduced  into  the  New  World  after  the  discovery.  Indeed,  sum- 
ming up  the  reply  to  an  inquiry  which  has  often  been  addressed 
to  the  industrial  evolution  of  the  indigenes  of  our  continent,  I 
should  say  that  they  did  not  borrow  a  single  art  or  invention  nor  a 
singl(f  cultivated  plant  from  any  part  of  the  Old  World  previous 
to  the  arrival  of  Columbus.  What  they  had  was  their  own,  de- 
veloped from  their  own  soil,  the  outgrowth  of  their  own  lives  and 
needs. 

Linguistic.  This  individuality  of  the  race  is  still  more  strongly 
expressed  in  their  languages.  You  are  all  aware  that  it  is  upon 
linguistic  data  almost  exclusively  that  American  ethnology  has 
been  and  must  be  based.  The  study  of  the  native  tongues  be- 
comes therefore  of  transcendent  importance  in  the  prehistoric 
chronology  of  the  Continent.  But  to  obtain  its  best  results,  this 
study  must  be  conducted  in  a  much  more  thorough  manner  than 
has  hitherto  been  the  custom. 

In  America  we  are  confronted  with  an  astonishing  multiplicity 
of  linguistic  stocks.  They  have  been  placed  at  about  eighty  in 
North  and  one  hundred  in  South  America.  It  is  stated  that  there 
are  that  many  radically  diverse  in  elements  and  structure.  To 
appreciate  the  vista  in  time  that  this  fact  opens  to  our  thoughts, 
we  must  recognize  the  tenacity  of  life  manifested  by  these  tongues. 
Some  of  them  have  scores  of  dialects  spoken  by  tribes  wandering 
over  the  widest  areas.  Take  the  Athapascan  or  Tinne,  for  exam- 
ple, found  in  its  greatest  purity  amid  the  tribes  who  dwell  on  the 
Arctic  sea,  and  along  the  Mackenzie  river,  in  British  America, 
but  also  the  tongue  of  the  Apaches  who  carried  it  almost  to  the 
valley  of  Mexico.     The  Algonkin  was  spoken  from  Hudson  Bay 
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to  the  Savannah  river  and  from  Newfoundland  to  the  Rocky 
Mountains.  The  Guarani  of  the  Rio  de  la  Plata  underlies  dialects 
which  were  current  as  far  north  as  Florida. 

How,  then,  in  spite  of  such  tenacity  of  American  languages 
have  so  many  stocks  come  into  existence  ?  This  was  the  question 
which  my  predecessor  in  this  chair  last  year  undertook  to  answer. 
His  suggestions  appear  to  me  extremely  valuable,  and  only  in  one 
point  do  I  widely  differ  from  him,  and  that  is,  in  the  length  of 
time  required  for  these  numerous  tongues  to  be  originated,  to  sever 
into  dialects  and  to  be  carried  to  distant  regions.  According  to 
the  able  linguist,  Doctor  Stoll,  the  difference  which  is  presented 
between  the  Cakchiquel  and  Maya  dialects  could  not  have  arisen 
in  less  than  two  thousand  years ;  and  any  one  who  has  carefully 
compared  the  earliest  grammars  of  an  American  tongue  with  its 
present  condition  will  acknowledge  that  the  changes  are  surpris- 
ingly few.  To  me  the  exceeding  diversity  of  languages  in  Amer- 
ica and  the  many  dialects  into  which  these  have  split,  are  cogent 
proofs  of  the  vast  antiquity  of  the  race,  an  antiquity  stretching 
back  tens  of  thousands  of  years.  Nothing  less  can  explain  these 
multitudinous  forms  of  speech. 

Underlying  all  these  varied  forms  of  expression,  however,  I 
think  future  investigation  will  demonstrate  some  curious  identities 
of  internal  form,  traits  almost  or  entirely  peculiar  to  American 
languages,  and  never  quite  absent  from  any  of  them. 

Such  was  the  opinion  of  the  two  earliest  philosophical  investi- 
gators of  these  tongues,  P.  S.  Duponaceau  and  Wilhelm  von  Hum- 
boldt. They  called  these  traits  polysyntkesis  and  incorporation, 
and  it  was  proposed  to  apply  the  term  incorporative  as  a  distin- 
guishing adjective  to  all  American  languages.  Of  late  years  this 
opinion  has  been  earnestly  combatted  by  M.  Lucien  Adam  and  oth- 
ers ;  but  my  own  studies  have  led  me  to  adopt  the  views  of  the  older 
analysts  against  these  modern  critics.  I  do  not  think  that  the 
student  can  compare  any  two  stocks  on  the  continent  without  be- 
ing impressed  with  the  resemblance  of  their  expression  of  the 
relations  of  being,  through  the  incorporative  plan. 

Along  with  this  identity  of  plan,  there  coexists  the  utmost  inde- 
pendence of  expression.  An  American  language  is  usually  per- 
fectly transparent.  Nothing  is  easier  than  to  reduce  it  to  its 
ultimate  elements,  its  fundamental  radicals.  These  are  few  in 
numbers  and  interjectional  in  character.     The   Athapascan,  the 
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Algonkin,  to  whose  wide  extension  I  have  ah-eady  referred,  have 
been  reduced  to  half  a  dozen  particles  or  sounds  expressive  of  the 
simplest  conceptions.  Upon  these,  by  combination,  repetition, 
imitation  and  other  such  processes  the  astonishing  structure  of  the 
tongue  has  been  erected,  every  portion  of  it  displaying  the  mech- 
anism of  its  origin.  It  is  this  transparency  which  renders  these 
tongues  so  attractive  to  the  philosophic  student  of  human  ex- 
pression, and  so  valuable  to  him  who  would  obtain  from  them  the 
record  of  the  progress  of  the  nation. 

A  thorough  study  of  such  a  language  would  embrace  its  mate- 
rial, its  formal  and  its  psychologic  contents.  Its  material  ele- 
ments include  the  peculiarities  of  its  vocabulary  :  for  example,  its 
numerals  and  the  system  they  indicate,  its  words  for  weights  and 
measures,  for  color  and  dii*ection,  for  relations  of  consanguinity 
and  affinity,  for  articles  of  use  and  ornament,  for  social  and  do- 
mestic conditions  and  the  like.  Few  studies  of  American  lan- 
guages go  be3'ond  this  material  or  lexicographic  limit ;  but  in  truth 
these  are  merely  the  externalities  of  a  tongue,  and  have  nothing 
to  do  with  linguistic  science  proper.  This  concerns  itself  with  the 
forms  of  the  language,  with  the  relation  of  parts  of  speech  to 
each  other  and  to  the  sentence,  and  with  the  historical  development 
of  the  grammatical  categories.  Beyond  this,  again,  is  the  deter- 
mination of  the  psychical  character  of  the  tribe  through  the  forms 
instinctively  adopted  for  the  expression  of  its  thoughts,  and  re- 
ciprocally the  reaction  exerted  by  these  forms  on  the  later  intel- 
lectual growth  of  those  who  were  taught  them  as  their  only  means 
of  articulate  expression. 

These  are  data  of  the  highest  value  in  the  study  of  prehistoric 
time,  but  so  far  as  America  is  concerned,  I  could  name  but  very 
few  scholars  who  have  pursued  this  promising  line  of  research. 

Physical.  Much  more  attention  has  been  paid  to  the  physical 
than  the  linguistic  data  of  the  native  Americans,  but  it  may  freely 
be  said,  with  not  more  satisfactory  results.  This  failure  is  partly 
owing  to  the  preconceived  notions  which  still  govern  the  study  of 
ethnology.  Linnaeus  ottered  the  cautious  division  of  the  huhian 
species  into  races  named  from  the  five  great  geographical  areas  it 
inhabited  ;  Blumenbach  pointed  out  that  this  roughly  corresponded 
with  the  division  into  five  colors,  the  white,  black,  yellow,  brown 
and  red  races  occupying  respectively  Europe,  Africa,  Asia,  Poly- 
nesia and  America.     Unfortunately,  Cuvier  chose  to  simplify  this 
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scheme,  by  merging  tlie  brown  and  red  races,  the  Polynesian  or 
Malayan  and  the  American,  into  the  yellow  or  Mongolian.  The 
latest  writers  of  the  French  school  and  I  am  sorry  to  add  various 
Americans  servilely  follow  this  groundless  rejection  of  the  older 
scheme,  and  speak  of  Malayans  and  Americans  alike  as  Mongoli- 
ans or  Mongoloids.  Neither  in  language  nor  ethnic  anatomy  is 
there  any  more  resemblance  than  between  whites  and  Mongolians. 

It  is  gratifying  to  see  that  the  more  accurate  German  investiga- 
tors decidedly  reject  the  blunder  of  Cuvier,  and  declare  that  the 
American  race  is  as  independent  as  any  other  of  those  named. 
Thus  Dr.  Paul  Ehrenreich  who  has  lately  published  an  admirable 
monograph  on  the  Botocudos  of  Brazil,  a  tribe  often  quoted  for 
its  so-called  "  mongoloid"  aspect,  declares  that  any  such  assertion 
must  be  contradicted  in  positive  terms.  Both  in  osteology  and 
anatomy,  in  formation  of  the  hair  and  shape  of  the  skull,  the  dif- 
ferences are  marked,  permanent  and  radical. 

What  is  true  of  the  Botocudos  is  not  less  so  of  the  other  Amer- 
ican tribes  which  are  claimed  to  present  Mongolian  traits.  Such 
assertions  are  based  on  the  superficial  observations  of  travellers, 
most  of  whom  do  not  know  the  first  principles  of  ethnic  anatomy. 
This  is  sufficiently  shown  by  the  importance  they  attach  to  the  ob- 
lique eye,  a  slight  malformation  of  the  skin  of  scarcely  any  weight. 

The  anatomy  and  physiology  of  the  various  American  tribes 
present,  indeed,  great  diversity,  and  yet,  beneath  it  all,  is  a  really 
remarkable  fixedness  of  type.  We  observe  this  diversity  in  the 
shape  of  the  skull,  which  may  be,  as  among  the  Botocudos,  sti'ictly 
dolichocephalic,  while  the  Araucanians  are  brachycephalic  ;  the  na- 
sal index  varies  more  than  in  the  extremest  members  of  the  white 
race  ;  the  tint  of  the  skin  may  be  a  dark  brown  with  an  under  color 
of  red,  or  of  so  light  a  hue  that  a  blush  is  easily  perceptible.  The 
beard  is  usually  absent,  but  D'Orbigny  visited  a  tribe  who  wore 
it  full  and  long.  The  height  varies  from  an  average  of  six  feet 
four  inches  for  adult  males  in  Patagonia  to  less  than  five  feet  among 
the  Warraus  of  Guiana  ;  and  so  it  is  with  all  the  other  traits  of  the 
race.     There  is  not  one  which  is  not  subject  to  extensive  variation. 

On  the  other  hand,  these  variations  are  not  greater  than  can  be 
adduced  in  various  members  of  the  white  or  black  race.  In  spite 
of  them  all,  there  is  a  wonderful  family  likeness  among  tribes  of 
American  origin.  No  observer  well  acquainted  with  the  type 
would  err  in  taking  it  for  another.     Darwin  says  that  the  Fue- 
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gians  so  closely  resemble  the  Botocudos  that  they  seemed  mem- 
bers of  the  same  tribe.  I  have  seen  Arawacks  from  Guiana  who 
in  the  northwest  would  have  passed  for  Sioux. 

In  spite  of  the  total  dissimilarity  of  climate  and  other  physical 
surroundings,  the  tribes  of  the  tropics  differ  no  more  from  those  near 
the  Arctic  circle  than  they  do  among  themselves.  This  is  a  striking 
lesson  how  independent  of  environment  are  the  essential  charac- 
teristics of  a  race,  and  it  is  a  sweeping  refutation  of  those  theories 
which  make  such  characteristics  dependent  upon  external  agencies. 

A  still  more  remarkable  fact  has  been  demonstrated  by  Professor 
J.  KoUmann  of  Bale :  to  wit,  that  the  essential  physical  identity  of 
the  American  race  is  as  extended  in  time  as  it  is  in  space.  This 
accurate  student  has  analyzed  the  cranioscopic  formulas  of  the 
most  ancient  American  skulls,  those  from  the  alleged  tertiary  de- 
posits of  the  Pampas,  those  from  the  caverns  of  Lagoa  Santa  in 
Brazil,  that  obtained  from  Rock  Bluff,  Illinois,  the  celebrated  Cal- 
averas skull  from  California,  and  one  from  Pontemelo  in  Buenos 
Ayresof  geologic  an  tiqu  it}'.  Hisresults  are  most  interesting.  These 
very  ancient  remains  prove  that  in  all  important  craniologic  in- 
diciae  the  earliest  Americans,  those  who  were  contemporaries  of  the 
fossil  horse  and  other  long  since  extinct  quadrupeds,  possessed  the 
same  racial  character  as  the  natives  of  the  present  day,  with  similar 
skulls  and  a  like  physiognomy.  We  reach  therefore  the  momentous 
conclusion  that  the  American  race  throughout  the  whole  continent, 
and  from  its  earliest  appearance  in  time,  is  and  has  been  one,  as 
distinct  in  type  as  any  other  race,  and  from  its  isolation  prob- 
ably the  purest  of  all  in  its  racial  traits.  Tliis  is  a  fact  of  the  first 
order  in  establishing  its  prehistoric  chronology. 

Geologic.  I  have  left  the  geologic  data  to  the  last  as  it  is  these 
which  carry  us  with  reasonable  safety  to  the  remotest  periods. 
No  one  who  examines  the  evidence  will  now  deny  that  man  lived 
in  both  North  and  South  America  immediately  after  the  glacial 
epoch,  and  that  he  was  the  contemporary  of  many  species  of  ani- 
mals now  extinct.  As  you  are  aware,  the  attempt  has  several  times 
been  made  to  fix  the  date  for  the  final  retrocession  of  the  glaciers 
of  North  America.  The  estimates  have  varied  from  about  12,000 
years  ago  up  to  50,000,  with  a  majority  in  favor  of  about  35,000 
years. 

There  have  also  been  various  discoveries  which  are  said  to  place 
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the  human  species  in  America  previous  to  the  appearance  of  the 
glaciers.  Some  remains  of  his  industry  have  been  reported  from 
interglacial,  others  from  tertiary  deposits.  Unfortunately,  these 
finds  have  not  been  sufficient  or  not  of  a  character  to  convince  the 
archaeologist.  I  have  before  adverted  to  the  impossibility,  for  in- 
stance, of  an  archaeologist  accepting  the  discovery  of  a  finely  pol- 
ished stone  implement  in  a  tertiary  gravel,  except  as  an  intrusive 
deposit.  It  is  a  violent  anachronism,  which  is  without  a  parallel 
in  other  countries.  Even  the  discovery  of  a  compound  implement, 
as  a  stemmed  arrowhead,  in  strata  of  tertiary  date,  is,  with  our 
present  knowledge,  quite  out  of  the  question. 

Although  there  are  well  recognized  signs  of  glacial  action  in 
South  America,  it  is  not  certain  that  the  glacial  epoch  coincided 
in  time  in  the  two  continents.  That  there  was  a  reasonable  ap- 
proximation is  probable  from  the  appearance  of  later  deposits. 
We  may  suppose  therefore  that  the  habitable  area  of  the  New 
World  was  notably  less  at  that  period  and  that  the  existing  tribes 
were  confined  to  a  much  narrower  space.  This  would  force  them 
into  closer  relations,  and  tend  powerfully  to  the  production  of  that 
uniformity  of  type  to  which  I  have  before  referred. 

We  might  also  expect  to  discover  in  the  tropical  regions  of 
America  more  frequent  evidence  of  the  primitive  Americans  than  in 
either  temperate  zone.  This  has  not  been  the  case  probably  because 
the  geologic  deposits  of  the  tropics  have  been  less  investigated. 
Throughout  the  West  Indies  there  is  an  entire  absence  of  palaeo- 
lithic remains.  Those  islands  were  first  peopled  by  tribes  in  the 
polished  stone  stage  of  culture.  In  the  valley  of  Mexico  human  re- 
mains have  been  disinterred  from  a  volcanic  deposit  of  supposed 
tertiary  age,  and  you  have  all  heard  of  those  human  footprints 
which  Dr.  Earl  Flint  has  unearthed  in  Nicaragua.  These  are  found 
under  layers  of  compact  volcanic  tufas,  separated  by  strata  of  sand 
and  vegetable  loam.  There  can  be  no  doubt  of  their  human  origin 
and  of  their  great  antiquity ;  but  no  geologist  need  be  informed  of 
the  difiiculty  of  assigning  an  age  to  volcanic  strata,  especially  in 
a  tropical  country,  subject  to  earthquakes,  subsidence  and  floods. 

It  would  not  be  in  accordance  with  my  present  purpose  to  ex- 
amine the  numerous  alleged  finds  of  human  remains  in  the  strata 
of  the  tertiary  and  quaternary.  All  such  furnish  data  for  the 
prehistoric  chronology  of  America,  and  should  be  carefully  scru- 
tinized by  him  who  would  obtain  further  light  upon  that  chronol- 
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ogy.  I  must  hasten  to  some  other  consideration  which  touch  the 
remote  events  to  which  I  am  now  alluding. 

Since  a  comparison  of  the  fauna  of  South  America  and  Africa, 
and  a  survey  of  the  sea-bottom  between  those  continents  have  dis- 
pelled the  dream  of  the  ancient  Atlantis,  and  relegated  that  land 
connection  at  least  to  the  eocene  period  of  the  tertiary,  no  one 
can  suppose  the  American  man  to  have  migrated  from  Africa  or 
southwestern  Europe.  For  other  and  equally  solid  reasons,  no 
emigration  of  Polynesians  can  be  assumed.  Yet  zoologists,  per- 
fectly willing  to  derive  man  from  an  anthropoid,  and  polygenists 
to  the  utmost,  hesitate  to  consider  man  an  autochthon  in  the  New 
World.  There  is  too  wide  a  gap  between  the  highest  monkeys 
and  the  human  species  in  this  continent.  Discoveries  of  fossil 
apes  might  bridge  this,  but  none  such  has  been  reported. 

If  we  accept  the  theory  that  man  as  a  species  spread  from  one 
primal  centre,  and  in  the  higher  plasticity  of  his  early  life  sepa- 
rated into  well  defined  races  which  became  unalterably  fixed  not 
much  later  than  the  close  of  the  glacial  epoch  —  and  this  theory 
appears  to  be  that  now  most  agreeable  to  anthropologists — then  the 
earliest  Americans  made  their  advent  on  this  continent  as  immi- 
grants. This  is  our  first  fact  in  their  prehistoric  chronology ;  but 
before  we  can  assign  it  an  accurate  position  on  the  scale  of  geo- 
logic time  we  must  await  more  complete  discoveries  than  we  now 
have  at  our  command. 

We  must  also  wait  until  our  friends,  the  geologists,  have  come 
to  some  better  understanding  among  themselves  as  to  what  took 
place  in  the  pleistocene  age.  You  have  heard  me  talking  freely 
about  the  glacial  epoch  and  its  extension  in  America ;  but  geol- 
ogists are  by  no  means  of  one  mind  as  to  this  extension,  and  a  re- 
spectable minority  of  them,  led  by  Sir  J.  William  Dawson,  deny 
the  existence  or  even  possibility  of  any  continental  glacier.  What 
others  point  out  as  a  terminal  moraine  they  explain  to  be  "nothing 
but  the  southern  limit  of  the  ice-drift  of  a  period  of  submergence." 

It  is  clear  that  when  we  speak  about  the  migration  of  the  Amer- 
icans at  a  time  when  the  polar  half  of  each  continent  was  either 
covered  with  a  glacier  thousands  of  feet  thick,  or  submerged  to 
that  depth  beneath  an  arctic  sea,  we  have  to  do  with  geographical 
conditions  totally  unlike  those  of  to-day.  I  call  attention  to  this 
obvious  fact  because  it  has  not  been  obvious  to  all  writers. 

In  your  archaeological  reading  you  will  rarely  come  across  a 
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prettier  piece  of  theoretical  history  than  Mr.  Lewis  A.  Morgan's 
description  of  the  gradual  peopling  of  the  two  Americas  by  trac- 
ing the  lines  of  easiest  subsistence.  He  begins  at  the  fisliy  rivers 
of  the  northwest  coast,  and  follows  the  original  colony  which  he 
assumes  landed  at  that  point,  all  the  way  to  Patagonia  and  Florida. 
But  how  baseless  becomes  this  vision  when  we  consider  the  geog- 
raphy of  America  as  it  is  shown  by  geology  to  have  been  at  a  pe- 
riod contemporary  with  the  earliest  remains  of  man  !  We  know 
to  a  certainty  that  the  human  race  had  ah'eady  spread  far  and  wide 
over  both  its  continental  areas  before  Mr.  Morgan's  lines  of  easiest 
nutrition  had  come  into  existence. 

Properly  employed,  a  study  of  those  geologic  features  of  a  coun- 
try which  determine  its  geograpliy  will  prove  of  vast  advantage  in 
ascertaining  the  events  of  prehistoric  time.  These  features  un- 
doubtedly fixed  the  lines  of  migration  and  of  early  commerce. 
Man  in  his  wanderings  has  always  been  guided  by  the  course  of 
rivers,  the  trend  of  mountain  chains,  the  direction  of  ocean  cur- 
rents, the  position  of  deserts,  passes  and  swamps.  The  railroad 
of  to-day  follows  the  trail  of  the  primitive  man,  and  the  rivers 
have  ever  been  the  natural  highways  of  nations.  The  theories  of 
Morgan  therefore  remain  true  as  theories  ;  only  in  their  application 
he  fell  into  an  error  which  was  natural  enough  to  the  science  of 
twenty  years  ago.  Perhaps  when  twenty  years  more  shall  have 
elapsed,  the  post-tertiary  geology  of  our  continent  will  have  been 
so  clearly  defined  that  the  geography  of  its  different  epochs  will 
be  known  sufficiently  to  trace  these  lines  of  migration  at  the  va- 
rious epochs  of  man's  residence  in  the  western  world,  from  bis 
first  arrival. 

I  have  now  set  before  you,  in  a  superficial  manner,  it  is  true,  the 
various  sources  from  which  we  may  derive  aid  in  establishing  the 
prehistoric  chronology  of  America.  I  have  also  endeavored,  to  a 
limited  extent,  to  express  myself  as  to  the  relative  value  of  these 
sources.  None  of  them  can  be  neglected,  and  it  will  be  only  from 
an  exhaustive  study  of  them  all  that  we  can  expect  to  solve  the 
numerous  knotty  problems,  and  lift  the  veil  which  hangs  so  darkly, 
on  all  that  concerns  the  existence  of  the  American  race  before  the 
sixteenth  century. 

We  are  merely  beginning  the  enormous  labor  which  is  before  us  ; 
we  have  yet  to  discover  the  methods  by  which  we  can  analyze 
fruitfully  the  facts  we  already  know.    But  I  look  forward  with  the 
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utmost  confidence  to  a  rich  return  from  such  investigations.  The 
day  is  coming  and  that  rapidly,  when  the  prehistoric  life  of  man 
in  both  the  New  and  the  Old  World  will  be  revealed  to  us  in  a 
thousand  unexpected  details.  We  have  but  to  turn  backward 
about  thirty  years  to  reach  a  time  when  the  science  of  prehistoric 
archaeology  was  utterly  unknown,  and  its  early  gropings  were 
jeered  at  as  absurdities.  Already  it  has  established  for  itself  a 
position  in  the  first  rank  of  the  sciences  which  have  to  do  with  the 
highest  of  problems.  It  has  cast  a  light  upon  the  pathway  of  the 
human  race  from  the  time  that  man  first  deserved  his  name  down 
to  the  commencement  of  recorded  history.  Its  conquests  are  but 
beginning.  Year  by  year  masses  of  new  facts  are  brought  to 
knowledge  from  unexpected  quarters,  current  errors  are  corrected, 
and  novel  methods  of  exploration  devised. 

As  Americans  by  adoption,  it  should  be  our  first  interest  and 
duty  to  study  the  Americans  by  race  in  both  their  present  and  past 
development.  The  task  is  long  and  the  opportunity  is  fleeting.  A 
century'  more,  and  the  anthropologist  will  scarcely  find  a  native  of 
pure  blood  ;  the  tribes  and  languages  of  to-day  will  have  been  ex- 
tinguished or  corrupted.  Nor  will  the  archseologist  be  in  better 
case.  Every  day  the  progress  of  civilization,  ruthless  of  the  mon- 
uments of  barbarism,  is  destroying  the  feeble  vestiges  of  the  ancient 
race ;  mounds  are  levelled,  embankments  disappear,  the  stones  of 
temples  are  built  into  factories,  the  holy  places  desecrated.  We 
have  assembled  here  to  aid  in  recovering  something  from  this  wreck 
of  a  race  and  its  monuments  ;  let  me  urge  upon  you  all  the  need 
of  prompt  action  and  earnest  work,  inasmuch  as  the  opportunities 
we  enjoy  will  never  again  present  themselves  in  such  fulness. 
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Illustrative  notes  conckkning  thb  Minnesota  Odjibwas.    By  Miss 
Franc  E.  Babbitt,  Coldwater,  Mich. 
[abstract.] 
The  Odjibwas  have  many  bands  living  upon  reservations  in  northern 
Minnesota.     The  tribe  is  loosely  subdivided  upon  a  territorial  basis,  the 
Odjibwas  speaking  of  themselves  as  Devil's  Lake  Indians,  Red  River  In- 
dians, Lake  Superior  Indians,  etc.     When  a  division  occupies  an  extensive 
region,  those  Odjibwas  congregating  at  particular  points  of  It  are  dis- 
tinguished as  a  band.     Such  are  the  Cass  Lake,  Mille  Lacs,  Leech  Lake, 
White  Earth,  and  Win-nl-bl-go-shish  bands   of  Minnesota  respectively. 
If  large,  the  band  has  an  ultimate  segregation  into  settlements.     Besides, 
it  comprises  an  Indefinite  number  of  chieftaincies,  each  of  which  is  ruled 
by  its  special  civil  chief.     It  has  furthermore  a  cross  division  into  totems 
or  clans. 

Civil   Chieftaincies. 

Let  us  instance  particularly  in  Red  Lake  band  living  in  the  extreme 
north  of  the  state,  and  seated  about  Red  Lake,  and  along  its  feeders  and 
outlet.  This  band,  of  something  like  1200  Odjibwas  all  told,  consists  of 
seven  chieftaincies,  five  of  which  are  strictly  hereditary  while  two  are  of 
modern  formation,  the  chiefs  of  the  latter  having  attained  their  position 
through  influence  acquired  as  so-called  Headmen.  However,  one  of  these 
new-made  rulers  having  died,  his  son  succeeded  to  his  dignities  in  the 
regular  manner.  The  authority  of  the  chief  is  based  wholly  in  sentiment 
and  convenience  :  there  is  no  compulsion  In  the  matter.  Thus  a  disaffected 
or  incommoded  Red  Laker  may  abandon  his  chieftaincy  and  enter  another 
at  option.    The  Red  Lake  chiefs  of  1881  were  named  : — 

May-dwa!/-ga-no-nind  (He-who-ls-spoken-to),  an  aged  man  of  excellent 
character  and  high  standing  among  his  people. 

Little  Rock,  since  dead,  who  united  In  his  person  the  functions  of  grand- 
medlcuie-man  and  chief. 

Little  Thunder  and  Leading  Feather,  modern  chiefs. 

Crooked  Arm,  Praying  Day,  and  Red  Robe  (Mols-ko-A-o-nia). 

War  Chiefs. 
There  Is  no  general  civil  chief  of  a  band,  a  great  division,  or  a  tribe. 
This  statement  does  not  Include  the  war  chiefs.    The  Red  Lake  band  was 

(808) 
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in  the  days  of  its  primal  savagery  under  the  leadership  of  a  single  war- 
chief.  The  last  of  these  was  May-zhucli-/i;e-osh  (Falling  Wind),  who  was 
reputed  to  have  taken  with  his  own  hand  no  less  than  thirty-three  Sioux 
scalps.  He  was  of  the  Bear  totem,  to  which  alone  the  Odjibwas  accorded 
the  distinction  of  leading  in  war.  Let  It  be  observed,  in  passing,  that, 
May-zhuck-^e-osh  was  the  least  possible  like  the  ideal  warrior  of  the 
books,  having  a  diminutive  person,  delicate  feet  and  hands,  a  pleasant 
face,  a  soft  murmuring  voice,  and  subdued  manners.  His  leaden  eyes, 
however,  were  altogether  inscrutable. 

Totems  of  the  Bed  Lake  Odjibwas. 

The  following  is  a  list  of  the  totems  of  the  Red  Lakers,  as  furnished 
the  writer  by  Little  Rock,  aided  by  an  educated  Odjibwa  lady  who  is  at 
once  thoroughly  conversant  with  her  tribal  tongue,  with  English,  and 
with  the  totem  system.^ 

Bald  Eagle  Eagle  Lynx  Snake 

Bear  Eelpout  Marten  Sturgeon 

Catfish  Elk  Mermaid  Wolf 

Crane  Loon  Moose  Woodpecker. 

A  Eabbit  totem  and  a  River  totem  are  also  found  among  the  Odjibwas, 
but  it  was  the  belief  of  Little  Rock  that  no  representatives  of  these  were 
at  that  time,  1881,  living  at  Red  Lake. 

The  Bald  Eagle  and  the  Eagle  are  two  quite  distinct  totems. 

The  Loon  clan  was  formerly  a  large  one  here. 

The  Odjibwa  historian,  Mr.  Wm.  Warren,  tells  us  that  in  olden  times, 
when  the  civil  polity  of  the  tribe  was  much  mixed  up  with  their  religious 
and  medicinal  rites,  "the  totem  of  the  Mong  (Loon)  ruled  over  them,  and 
Musk-wa,  or  Bear  totem  led  them  to  war." 

The  Martens  and  next  below  them,  the  Bears,  are  held  to  be  at  present 
the  two  largest  of  the  Red  Lake  clans. 

The  term  Mermaid  embodies  an  idea  apparently  so  foreign  to  an  aborig- 
inal and  especially  to  an  inland  tril^e,  that  at  first  the  writer  refused  to 
accept  it  as  a  correct  exponent  of  the  thing  meant.  However,  Little 
Rock  and  Miss  Warren  insisted  upon  the  name,  declaring  it  to  mean  with 
the  natives  what  it  does  with  us.  Whether  the  mermaid  myth  was  indig- 
enous or  introduced  remains  to  be  decided  ;  but  it  is  stated  by  a  mission- 
ary family  named  Ayer,  who  were  stationed  at  Red  Lake  many  years  ago, 
that  the  Indians  then  considered  it  to  be  haunted  by  mythical  creatures 
corresponding  to  the  mermaids  of  civilized  nations.  There  is  no  obvious 
reason,  indeed,  why  a  folk  who  people  earth,  water,  and  sky,  habitually, 
with  imaginary  beings,  might  not  invent  flsh-maidens  for  their  fish- abound- 
ing lakes.  The  fact  remains,  nevertheless,  that  the  idea  may  be  a  borrowed 
one. 

The  Red  Lakers  continue  to  abhor  marriage  between  persons  of  the 
same  totem,  regarding  it  much  like  one  between  brother  and  sister.    A 

>  See  Red  Lake  Notet,  Bulletin  of  the  Minnesota  Academy  of  Natural  Sciences  for 
1881. 
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young  son  of  May  zhuck-A;e-osh  once  arranged  a  union  with  a  daughter  of 
Kocky  Mountain,  both  of  the  Bear  totem.  To  avoid  effective  opposition, 
the  girl  fled  into  the  forest.  The  parents  were  inconsolable ;  community 
was  horrified.  Police  finally  restored  the  fugitive  to  the  arms  of  her 
mother — in  a  very  literal  sense ;  for  Mrs.  Rocky  Mountain  soon  reported' 
at  the  agency,  in  scrap-English  and  unimpeachable  pantomime,  that  she 
had  beaten  the  bride-elect — beaten  hard !  beaten  till  the  girl  was  good ! 

The  Earth- Pits. 
The  Minnesota  Odjibwas  excavate  earth-pits  of  two  kinds ;  first  such  as 
are  appropriated  to  domestic  purposes ;  second,  those  designed  for  use  in 
war.  The  first  sort,  like  himilar  ones  among  the  Dakotas,  serve  as  recep- 
tacles for  the  storage  of  food.  The  lake  Indians  preserve  their  supplies 
of  corn  in  granai'ies  of  this  character.  They  are  generally  rectangular 
pits  four  or  five  feet  in  depth,  having  much  the  capacity  of  a  large,  deep 
trunk.  Unlike  the  war-pits,  they  are  formed  with  a  certain  degree  of  reg- 
ularity. They  have  no  facing,  but  when  put  to  use  are  lined  loosely  with, 
refuse  material,  like  dried  grass  and  flags,  or  discarded  fragments  of  the 
rush  mattings  woven  by  the  women.  They  are  fashioned  in  some  suitable 
spot  out-of-doors  and,  when  filled,  are  covered  with  soil  and  what  not,, 
arranged  to  present  a  natural  appearance.  These  secreted  supplies  are 
probably  of  tlie  same  description  with  those  buried  in  pilgrim  days  by 
Massachusetts  Algonkins.  Many  of  these  Indians  dismantle  their  summer 
lodges  upon  the  shore,  when  the  ice  becomes  too  tliick  for  the  women  to- 
fish  with  gill-nets,  and  retreat  for  tlie  winter  to  the  shelter  and  unlimited 
fuel  supply  of  the  forest,  while  a  family  in  which  death  has  occurred, 
abandons  and  sometimes  burns  its  dwelling;  in  both  of  which  cases  it  is  a 
convenience  to  have  these  little  hoards  quite  distinct  from  the  abode. 

War- Pits. 

The  Odjibwa  war-pits  are  irregular  cavities  scooped  out  with  a  design- 
to  protect  or  conceal  the  person,  the  work  being  often  done,  of  course, 
under  stress  of  immediate  danger.  A  group  of  such  defences  existed,  a 
few  years  ago,  near  Little  Falls  in  central  Minnesota,  at  a  point  where  a 
handful  of  Odjibwas  had  once  waited  attack  from  a  hostile  party  of  their 
hereditary  enemies,  the  Dakotas  or  Sioux.  These  pits  were  long,  shallow 
depressions,  much  like  sunken  graves  in  size  and  appearance.  The  mod- 
ern Algonkiu,  Black  Hawk,  had  recourse  to  a  similar  expedient  In  a  similar 
emergency,  occurring  in  1815,  when  he  and  his  few  braves,  retreating  to  a 
natural  sink-hole,  dug  pits  in  the  sides  of  the  bank  with  their  knives,  in 
order  to  protect  themselves  from  the  fire  of  the  whites. 

The  Odjibwas,  however,  do  not  like  fighting  upon  an  exposed  plain 
necessitating  such  devices,  but  prefer  the  protection  of  forest  growths, 
giving  play  to  their  tribal  dexterity  in  woodcraft.  They  have  a  maxim 
that  tlie  Sioux  conquer  upon  prairie  lauds,  and  the  Odjibwas  among  trees. 
Mr.  Daniel  Gookin  relates  in  1677  that  the  New  England  Algonkins  of  his 
time  ambuslied  in  swamps,  and  that  certain  of  them,  appareled  from  the 
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waist  upwards  with  green  boughs,  were  so  disguised  "  that  our  English- 
men could  not  readily  discern  them,  or  distinguish  them  from  the  natural 
bushes." 

Besides  serving  as  ambuscades  and  coverts  for  fighting  men,  such  exca- 
vations were  occasionally  scooped  out  as  a  refuge  for  women  and  children. 
We  have  an  instance  in  point  in  notes  of  a  Sioux-Odjibwa  feud,  kindly 
furnished  the  writer  by  Mrs.  Elizabeth  Ayer  of  Minnesota,  a  venerable 
lady  who  lived  more  than  twenty  years  among  the  wild  Odjibwas  of  the 
northwest  as  missionary,  and  who  had  a  much  longer  connection  with  the 
tribe  as  teacher  and  counsellor.  A  party  of  Odjibwas,  returning  from  a 
council  held  in  1841,  at  Fort  Snelling,  perceived  in  the  distance  a  mounted 
detachment  of  Sioux  warriors  crossing  the  plains  toward  their  encamp- 
ment, and  foresaw  that  they  were  to  be  attacked.  The  Odjibwas  occupied 
a  position  in  the  midst  of  a  wide  plain,  where  there  was  neither  rock,  nor 
tree,  nor  shrub  for  shelter,  and  where  the  conformation  of  the  surface 
afforded  no  protection.  The  women  of  this  little  party  were  immeasura- 
bly distressed  because  of  their  exposure.  In  pursuance  of  tribal  custom, 
each  began  to  dig  in  the  soil  a  hole  in  which  to  conceal  her  person,  using 
for  the  purpose  her  hands,  or  a  knife,  or  whatever  else  fell  in  her  way.  Be- 
fore they  could  effect  their  design,  however,  they  were  attacked  by  the  foe 
and  a  bloody  battle  ensued. 

Mr.  William  Warren  gives  a  curious  account  of  a  like  use  of  war-pits, 
handed  down  to  him  by  a  chief  of  Sandy  Lake,  the  party  concerned  being 
a  remnant,  afterward  incorporated  with  his  own,  of  a  people  called  the 
Mun-du-as.  The  direct  descendants  of  this  tribe  were  pointed  out  to  Mr. 
Warren,  and  were  of  the  Marten  totem.  After  fearful  reverses,  "the  peo- 
ple fled  into  the  forest,"  says  the  historian,  "  where  they  buried  their 
women  and  children  in  the  ground,  leaving  them  but  a  breathing-hole. 
The  men  then  returned  and  beguiled  the  pursuers,  by  leading  them  in  a 
different  direction.  A  few  escaped  who  afterward  returned  and  dug  up 
their  women  and  children." 

Cannibal  Practices. 
The  Odjibwas  believe  that  now  and  then  an  individual  of  the  tribe  ac- 
quires an  appetite  for  human  flesh,  and  becomes  a  confirmed  man-eater. 
They  assert  that  the  cannibal  not  only  feasts  upon  the  bodies  of  the  dead, 
but  sometimes  gratifies  his  palate  at  the  expense  of  human  life.  The  mass 
of  the  people,  however,  utterly  abhor  the  practice,  and  look  upon  those 
suspected  of  it  as  monsters  of  depravity.  A  very  aged  and  decrepit  mem- 
ber of  the  Red  Lake  band,  known  by  the  Indians  as  Old  Fret,  was  consid- 
ered to  be  guilty  of  this  atrocity  and  was  held  in  extreme  odium  and  super- 
stitious dread  in  consequence.  The  man  had  a  disorder  of  the  respiratory 
organs  which  caused  a  sort  of  roaring  sound  when  he  breathed  hard,  or 
spoke.  This  phenomenon  the  natives  attributed  to  the  voices  of  the  peo- 
ple whom  he  had  eaten,  speaking  from  his  stomach.  The  Indians  did  not 
willingly  remain  in  his  presence,  but  were  careful  to  offer  him  no  aflront, 
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and  to  accede  witli  alacrity  to  all  his  little  claims  upon  their  attention. 
Even  May-zhuck-Are-osh  was  accustomed  to  withdraw  with  marked  trepida- 
tion whenever  the  infirm  Old  Fret  presented  himself.  Historians  find  a 
modicum  of  fact  in  the  belief  thus  illustrated;  inasmuch  as  individual  ren- 
egade Odjibwas  have  been  convicted  of  cannibalism  within  historic  times, 
yet  it  remains  true  that  the  natives  in  general  repudiate  it  as  an  abomina- 
tion. 

There  is  a  single  exception  to  the  above  statement,  which  is  based  in  the 
Odjibwa  creed  that  it  makes  one  brave  to  partake  of  the  flesh  and  blood  of 
a  warrior.  Probably  the  eastern  Algonkins  held  to  the  same  faith.  It 
is  related  in  Drake's  notes  to  Gookin  that  a  certain  New  England  Indian, 
sentenced  to  death,  was  repeatedly  let  down  from  the  branch  of  a  tree 
and  drawn  up  again,  when  one  of  his  dusky  friends  plunged  a  knife  to  his 
heart,  and  drank  his  blood,  remarking :  "  Me  stronger  as  I  was  before ! 
Me  strong  as  me  and  he  too !" 

Mrs.  Elizabeth  Ayer  states  that  the  Fo-keg-a-ma,  band  of  Indians,  with 
whom  she  Avas  stationed  iu  1841,  made  a  feast  during  this  time,  in  celebra- 
tion of  their  triumph  over  an  attacking  party  of  Sioux  warriors,  and  in 
the  course  of  their  banquet  regaled  themselves  with  Sioux  flesh,  boiled 
with  their  favorite  food,  wild  rice.*  Mrs.  Ayer  asserts  positively  that 
this  is  the  only  instance  of  Odjibwa  cannibalism  ever  coming  to  her  per- 
sonal knowledge.  Mr.  Lyman  Ayer,  born  and  reared  in  the  tribe,  observed 
that  when  the  Odjibwas  abandoned  themselves  to  such  orgies,  they  pro- 
ceeded with  the  distinct  intention  of  promoting  their  own  prowess  there- 
by. The  bony  debris  of  such  a  repast,  discovered  among  the  remains  of 
a  prehistoric  people,  could  readilj^  lead  to  false  inferences  concerning  its 
status  of  savagery,  the  result  of  an  exception  appearing  like  evidence  of 
a  common  practice.  A  similar  misconception  might  likewise  originate  in 
the  aboriginal  custom  of  dismembering  the  dead  body  of  a  foe,  and  dis- 
tributing the  fragments  to  be  devoured,  and  the  bones  gnawed,  by  animals. 
The  Pokegemas,  for  instance,  hewed  in  pieces  two  Sioux  warriors,  killed 
in  an  attack  upon  their  band,  and  delivered  a  portion  to  each  family  who 
had  lost  a  member  by  the  opposing  tribe.  In  this  ghastly  distribution, 
those  most  recently  bereaved  had  the  preference.  The  mother  and  the 
bride  of  a  certain  young  man  received  each  an  arm.  Others  were  given 
a  leg,  etc.  To  a  mother  whose  young  daughter  had  just  been  decapitated 
before  her  eyes,  a  Sioux  head  was  apportioned,  which,  frenzied  with  grief 
and  rage,  she  buflPetted,  and  spurned  about  the  sands  till  exhausted,  and 
then  abandoned  to  the  village  dogs.' 

»  See  Some  Odjibwa  and  Dakota  practlcet. — Science,  Vol.  vii,  No.  175. 

*  Recent  movements  among  the  lake  Odjibwas,  Bucli  as  the  attempted  conpolidation 
of  particular  bands  upon  White  Eiirth  reservation,  have  doubtless  modified  certain 
conditions  mentioned  in  this  paper. 
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Aboriginal  dwelling-sites  in  the  Champlain  valley.    By  Dr.  D,  S. 
Kellogg,  Plattsburgh,  N.  Y. 

[ABSTRACT.] 

Previously  to  1878,  historians  of  the  Champlain  Valley  were  quite  unani- 
mous in  saying  there  were  few  or  no  aboriginal  remains  in  northeastern 
New  Yorli,  in  the  vicinity  of  Lalie  Champlain.  It  was  generally  supposed 
that  that  region  was  the  scene  of  much  fighting  between  the  peoples  north 
and  south,  but  never  permanently  inhabited.  Accidentally,  in  1878,  my 
attention  was  called  to  some  fragments  of  Indian  pottery  found  in  the 
town  of  Plattsburgh.  I  began  to  investigate,  and  found  that,  not  only 
where  these  fragments  were  disco vei'ed  was  there  a  former  village  site, 
but  also  was  able  to  locate,  during  the  four  or  five  following  years,  twenty- 
one  other  dwelling-sites  in  tlie  Champlain  Valley,  from  Isle  Aux  Noix  in 
the  river  Richelieu  to  Ticonderoga  on  Lake  Champlain.  I  know  of  several 
others  on  the  Vermont  side  of  the  lake,  and  have  reason  to  believe  there 
are  yet  others  undiscovered.  Aboriginal  remains  in  large  quantities  scat- 
tered over  circumscribed  areas  I  have  considered  as  evidence  of  a  dwelling- 
site.  No  earthworks,  no  mounds,  and,  with  one  or  two  exceptions,  no 
graves  have  yet  been  found  in  this  whole  region. 

The  remains  consist  of  stone  weapons,  implements  and  ornaments;  of 
implements  of  copper;  of  implements  of  bone;  of  fireplaces  and  of  pot- 
tery. 

The  stone  relics  are  the  usual  chipped,  smoothed  or  polished  varieties 
found  in  the  eastern  part  of  the  United  States  and  in  Canada,  and  up  to 
the  present  time  have  amounted  to  upwards  of  20,000  in  number.  Yet 
there  are  some  notable  exceptions  to  the  usual  varieties.  For  instance, 
grooved  axes  and  nicely  grooved  hammers,  pestles  and  ornaments  are 
rare.  The  material  of  which  the  chipped  implements  were  made  is  found 
throughout  the  whole  region.  The  so-called  flint  is  abundant  in  the  lime- 
stone of  the  locality.  On  Butler's  Island  in  Lake  Champlain,  detached 
pieces  of  the  dark  and  striated  flint,  a  foot  or  more  in  diameter,  are  so 
driven  against  each  other  by  the  action  of  the  waves  that  their  surfaces 
resemble  the  roughened  surfaces  of  ordinary  flint  hammers. 

Of  copper  spear  heads,  hatchets  and  gouges,  about  two  dozen  have  been 
found.  These  have  been  entirely  surface,  field  finds.  Not  a  single  copper 
relic  has,  as  yet,  been  obtained  from  a  dwelling-site.  Bone  awls,  punches 
and  liarpoons  are  found  only  in  connection  with  broken  animal  bones  and 
other  remains  in  some  of  the  fireplaces.  Pottery,  entirely  in  fragments, 
occurs  in  great  abundance.  In  fact,  I  should  hardly  claim  a  plnce  to  be  a 
village-site,  unless  a  considerable  amount  of  pottery  were  lound  in^it. 
Tlie  rims  of  numerous  jars  have  been  obtained  almost  entire,  and  several 
jars  have  been  nearly  completely  restored.  Pipes,  both  of  pottery  and  of 
stone,  plain,  ornamented,  and  sometimes  representing  the  head  of  a  bird 
or  of  some  animal,  are  not  very  rare. 

The  largest  village-site  is  the  one  above  referred  to  in  the  town  of 
Plattsburgh.     A  sand  ridge,  a  mile  long  and  from  twenty  to  forty  rods  in 
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width,  lying  between  a  sluggish  creek  abounding  in  fish,  and  the  shore  of 
Cumberland  Bay,  a  large  bay  of  lake  Champlain,  was  in  prehistoric  times 
the  site  of  a  large  village.  During  the  last  thirty  years  the  trees  have 
been  cut  from  this  ridge  and  the  wind  has  excavated  through  its  whole 
width.  In  these  wind  excavations  and  by  digging  from  the  indications 
thus  exposed,  the  relics  are  obtained.  While  large  numbers  of  stone 
weapons  and  implements  have  been  found  at  this  site,  such  as  arrows  and 
spears,  beads,  knives,  celts,  scrapers,  hammers,  whetstones  and  so  on,  yet 
two  kinds  of  fireplaces  and  the  pottery  are  perhaps  more  interesting  than 
all  the  other  things. 

One  kind  of  fireplace  Is  a  regular  kitchen-midden,  containing  broken 
bones  of  mammals,  bones  of  fishes  and  birds,  stone  implements,  fragments 
of  pottery,  stones  that  iiave  been  heated  by  fire,  clam  shells,  and  much 
other  refuse  material.  The  other  kind  of  fireplace  is  merely  a  cluster  of 
cobble  stones  that  have  been  heated  by  fire.  A  single  cluster  contains, 
perhaps,  a  bushel  of  small  cobble-stones,  frequently  broken  into  pieces. 
These  clusters  contain  no  implements,  no  broken  bones  and  no  remains  of 
any  kind  whatever,  unless  we  except  some  small  amount  of  charcoal.  They 
are  quite  numerous,  and  a  wind  excavation  a  dozen  rods  in  width  may 
contain  as  many  as  thirty. 

The  pottery  in  this  site,  all  in  fragments,  is  very  abundant ;  portions  of 
the  rims  of  more  than  eight  hundred  different  vessels  having  already  been 
secured  here.  Almost  every  fragment  is  ornamented,  generally  with  in- 
dentations, lines  or  wavy  stamps.  On  the  restored  jars  and  on  the  larger 
fragments,  are  several  different  kinds  of  ornamentation,  always  elaborate 
and  gracefully  arranged.  Some  of  the  vessels  have  many  hundreds  of  in- 
dentations and  others  several  thousands.  The  ornamentation  generally 
extends  from  the  edge  of  the  rim  on  the  outside  to  the  bottom,  though 
some  of  the  bottoms,  not  one  of  which  is  flat,  are  the  only  parts  that  are 
perfectly  plain.  The  very  edges  of  the  rims  are  often  indented  and  some 
of  them  are  handsomely  scalloped.  Frequently  the  ornamentation  extends 
from  the  rim,  one,  two  or  three  inches  down  on  the  internal  surface  of 
the  jar.  The  main  portion  of  the  inside  surface  is,  however,  covered  with 
irregular  lines  which  seem  to  have  been  made  by  a  rough  smoother.  The 
rims  themselves  are  generally  circular,  though  some  of  them  are  oval. 
The  restored  jars  hold  from  three  to  eight  quarts  each. 

The  clay  of  which  the  vessels  are  made  was  not  mixed  with  sand,  but 
contained  angular  quartz  crystals,  some  mica  and  probably  feldspar.  I 
have  not  found  pounded  shell  mixed  with  it.  No  paint  nor  other  color- 
ing matter  seems  to  have  been  used,  yet  some  of  the  vessels  are  black- 
ened by  smoke.  Carbonized  material  clings  to  the  inner  surface  of  some 
of  the  fragments,  showing  that  the  careless  cook  let  the  dinner  burn  on.  On 
the  inner  surface  of  some  of  the  pottery  are  occasionally  seen  the  fine  lines 
made  by  the  skin  of  the  palmar  part  of  a  human  thumb  or  index  finger.  I 
have  a  considerable  portion  of  one  jar  whose  fragments  are  an  inch  or 
more  in  width  and  several  inches  in  length.  The  upper  edge  of  each  of 
these  pieces  is  convex,  longitudinally,  and  the  under  edge  is  concave. 
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When  replaced  in  their  original  position  a  convexity  fits  into  a  concav- 
ity above,  showing  that  this  jar,  at  least,  was  made  piece  by  piece  from 
below  upwards.  This  vessel  was  ornamented  by  a  small  wavy  stamp 
that  left  an  impression  not  unlike  a  bird  flying.  I  have  not  yet  found  a 
representation  of  any  portion  of  the  human  body,  or  of  an  animal,  on  any 
of  the  jars. 


Aboriginal  New  York  villages.     By  Kev.  W.  M.   Beauchamp,  Bald- 
winsville,  N.  Y. 

[AB8TKACT.] 

Some  of  the  finest  New  York  relics  were  not  found  on  enclosed  sites, 
but  belonged  to  early  travellers  or  residents.  Open  sites  differed  more 
than  the  fortified,  yet  some  of  both  may  have  been  contemporaneous. 
Early  earthworks  in  New  York  are  rarely  rectangular,  but  stockades  are 
often  of  this  form.  Earthworks  probably  supported  palisades,  but  were 
replaced  by  cross  timbers  at  a  later  day.  When  the  Indians  got  new 
ideas  and  tools  from  the  whites,  forts  soon  changed.  Village  sites  were 
often  abandoned,  but  not  at  intervals  of  ten  years,  as  stated  by  the 
French.  These  changes  must  be  considered  in  dealing  with  age  and  pop- 
ulation, as  successive  sites  often  occur  in  groups.  Digging  necessary 
trenches  was  less  laborious  than  supposed,  and  for  a  palisade  a  continuous 
trench  was  made,  not  separate  holes.  Stockades  may  have  had  as  many 
gates  as  earthworks,  but  they  have  often  escaped  attention. 

The  long  house  was  not  peculiar  to  the  Iroquois,  nor  prominent  among 
them,  and  Greenhalgh  noticed  it  only  in  one  town.  Morgan's  estimate 
would  give  this  town  alone  five  times  the  whole  Seneca  population. 
Greenhalgh's  account  allowed  two  or  three  warriors  to  a  lodge  through- 
out the  Five  Nations.  The  forts  wei'e  so  long  and  narrow  as  often  to 
afford  little  room  for  long  houses,  and  the  houses  were  in  the  narrowest 
part.  One  fort,  over  600  feet  long,  is  but  little  over  100  feet  wide  for 
nearly  half  its  length.  Lodges  were  built  of  bark,  bore  the  totem  of  the 
owner  at  one  end  and  were  often  adorned  with  coarse  figures  in  relief. 
A  round  form  was  sometimes  used. 

Sir  Wm.  Johnson  said  that  every  nation,  tribe  and  family  had  its  own 
allotment  of  land,  and  early  writers  refer  to  a  personal  title  to  cultivated 
fields. 

Burial  customs  varied,  according  to  changing  fashions,  and  contempo- 
raneous nations  differed  In  these.  Both  the  sitting  posture  and  the  hori- 
zontal were  frequent.  Mound  burial  was  occasional  and  local,  and  articles 
were  not  always  placed  In  graves.  Broken  articles  in  towns  may  not 
have  been  the  result  of  warlike  violence.  More  commonly  they  result 
from  the  excesses  of  the  Dream  Feast  and  other  festivals. 
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Reucs  op  an  "Indian  hunting  ground."     By  A.  Wanner,  York,  Pa. 

[ABSTRACT.] 

This  "Indian  Hunting  Ground"  extends  along  the  Codorus  creek,  hav- 
ing a  breadth  of  two  miles  and  a  length  of  six,  with  the  city  of  York, 
York  Co,  Pa.,  in  its  centre.  It  is  a  region  assumed  to  have  been  only  oc- 
casionally visited  by  the  Indians  and  reputed  to  be  barren  of  relics.  In  a 
recently  published  "History  of  York  County,"  it  is  said  that  "  the  origi- 
nal settlers  here  found  immense  tracts  of  land  entirely  denuded  of  timber 
by  the  annual  fires  kindled  by  the  Indians  for  the  purpose  of  improving 
their  hunting  grounds." 

In  order  to  ascertain  just  what  evidences  of  Indian  occupation  could 
yet  be  found  strewn  over  the  fields — many  of  which  have  been  cultivated 
for  more  than  a  hundred  years — careful  search  was  made.  That  the 
search  was  well  rewarded  is  proven  by  the  number  and  variety  of  speci- 
mens collected.  The  classification  of  Indian  implements  given  in  Doctor 
Abbott's  "  Stone  Age  of  New  Jersey"  was  closely  followed  in  describ- 
ing the  specimens  obtained,  all  of  which  were  collected  within  the  last 
five  years.  The  collection  includes  samples  of  lanceheads,  spearheads, 
arrowheads,  knives,  celts,  drilling  stones,  axes,  hatchets,  pestles,  soap- 
stone  dishes,  pottery,  hammers,  gorgets,  stone  chips  and  implements  of 
unknown  uses. 

The  axes  found,  as  a  rule,  are  small,  with  a  groove  extending  the  whole 
way  around  the  stone.  Most  of  those  that  come  from  the  Susquehanna, 
near  the  mouth  of  the  Codorus,  where  numbers  are  found,  have  one  un- 
grooved  side ;  fully  three  out  of  every  four  are  thus  fashioned.  Now, 
why  should  the  predominating  type  of  a  region,  distant  only  about  ten  miles 
and  within  easy  access,  be  unrepresented  here  by  even  so  much  as  a  single 
specimen?  The  most  plausible  inference  is  that  the  two  types  were  in- 
tended for  different  purposes.  One  of  the  axes  exhibited,  weighing  only 
one  pound,  has  two  parallel  grooves.  Several  were  picked  up  In  the  pub- 
lic road  where  they  had  been  thrown  into  the  mud  holes  along  with  other 
stones  from  the  field. 

The  fragments  of  pottery  shown,  made  out  of  clay  and  broken  pebbles, 
are  similar  to  pieces  from  the  Susquehanna.  The  impressions  are  evi- 
dently of  two  kinds,  those  made  by  a  point  of  some  sort  in  the  hands  of 
the  ancient  potter,  and  those  which  resulted  from  the  structural  irregu- 
larities of  some  receptacle  within  which  the  plastic  clay  was  first  shaped. 

Among  the  "  implements  of  unknown  uses"  deserving  special  mention, 
is  a  triangular  prism  of  slate  about  five  inches  long  and  having  two  holes 
that  meet  at  the  ends.  Two  of  Its  sides  bear  symmetrical  scratches,  now 
in  part  defaced  by  the  wear  and  In  part  by  the  ancient  use  of  the  stone  for 
whetting  purposes. 

Flakes  of  felsltlc  rock,  of  jasper,  and  of  agate  are  found  distributed 
over  nearly  all  the  fields  along  the  Codorus  and  its  tributary  runs.  They 
were  undoubtedly  chipped  near  where  they  now  He.  Their  presence 
proves  that  Implements  were  here  wrought  out  of  the  rough  stone  into 
desirable  shapes. 
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None  of  these  minerals  are  found  in  situ  in  this  locality.  Fully  twenty 
miles  distant,  in  the  South  mountain,  the  felsitic  rock  occurs.  Where  the 
jasper  and  agate  were  brought  from  has  not  been  determined.  The 
other  specimens  found  do  not  deserve  special  mention. 

In  conclusion,  attention  is  called  to  a  few  difficulties  that  beset  the 
cai-eful  searcher.  Fields  that  now  yield  few  relics  may  have  them  deeper 
down.  The  building  of  dams  has  materially  changed  our  streams.  Places 
that  once  were  high  and  dry  on  the  bank  are  now  covered  by  every  freshet. 
As  a  consequence,  the  sediment  has  accumulated,  and  the  relics  have  been 
buried  beyond  the  reach  of  the  plough.  Occasionally,  a  field  is  washed 
bai-e  of  all  the  loose  soil.  In  that  event  you  cannot  reasonably  conclude 
that  the  number  and  quantity  of  specimens  found  there  indicate  a  more 
dense  settlement  than  elsewhere.  Taking  these  and  other  circumstances 
into  consideration,  in  connection  with  the  relics  found,  the  author  believes 
that  this  region  was  much  oftener  frequented  and  longer  occupied  by 
larger  bands  of  Indians  than  the  historian  leads  us  to  infer.  This  place 
may  havp  been  the  site  of  a  well-established  settlement;  a  settlement  in 
which  much  the  same  primitive  occupations  were  engaged  in,  as  charac- 
terized well-known  and  more  extensive  settlements  along  the  Susque- 
hanna. If  this  region  is  an  average  sample  of  the  supposed  barren  lands, 
may  we  not  conclude  that  America  was  more  thickly  settled,  or  longer 
Inhabited,  perhaps  both,  by  the  Indian,  than  is  generally  supposed? 


What  is  it?    By  Prof.  E.  W.  Claypole,  Akron,  Ohio. 

[abstkact.1 
In  this  paper  an  account  was  given  of  some  curious  apparent  casts  which 
have  for  some  years  been  puzzling  objects  in  the  cabinet  of  the  Davenport 
Academy  of  Science  and  of  others.  They  have  at  first  sight  the  appear- 
ance of  casts  of  some  species  of  Cardium.  But  little  examination  is  re- 
quired to  show  that  this  is  not  their  true  nature.  By  some  they  have  been 
considered  frauds.  The  evidence  is  reviewed  at  length  and  the  theory  of 
fraud  shown  to  be  untenable.  It  is  also  shown  that  they  are  not  Niagara 
fossils  and  not  fossils  at  all.  A  summary  of  the  facts  points  rather  to  the 
conclusion  that  they  must  be  looked  on  as  relics  of  antiquity,  made  either 
by  the  ancient  inhabitants  of  the  country  or  for  the  purpose  of  trade  with 
the  ludians  in  very  early  days. 


Sensory  types  of  memory  and  apperception.     By  Dr.  Joseph  Jas- 
TROW,  Philadelphia,  Pa. 
The  characteristic  here  treated  is  the  role  in  the  mental  life  of  the  in- 
dividual played  by  the  information  gained  from  the  several  senses,  par- 
ticularly from  sight,  hearing  and  the  tactual-motor  sensations.    There  are 
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persons  who  asstmJlate  their  mental  food  maJnly  through  visual  impres- 
sions, others  mainly  by  auditory,  and  a  third  mainly  by  motor,  while  to  a 
fourth  and  doubtless  a  large  group  all  the  avenues  of  sense  are  equally 
open. 

The  visual  type  is  the  most  common  and  has  been  best  described. 
Mr.  Galton's  studies  on  the  visualizing  power  indicate  the  wide  diver- 
gence in  various  persons  in  the  power  to  picture  an  experience  vividly. 
Instances  of  persons  possessing  the  gift  to  an  unusual  extent  are  not  un- 
common ;  to  this  class  belong  the  chess-players  who  play  several  games 
at  once  when  blindfolded.  Sight  is  the  sense  most  active  in  dreams  as 
well  as  in  the  hallucinations  of  the  deranged.  Abnormal  associations, 
such  as  a  sound  calling  up  a  color  and  the  like,  are  more  frequently  in 
terms  of  it  than  of  any  other  sense.  There  are  persons  who  interpret 
much  of  their  knowledge  by  sound ;  extreme  instances  of  this  are  seen  in 
such  as  Beethoven  composing  symphonies  after  his  deafness,  while  in 
dreams,  hallucinations  and  odd  associations  hearing  is  second  only  to 
sight.  Instances  of  motor-mindedness,  are  less  common,  though  in  the 
mental  make-up  of  many  it  forms  an  important  role;  to  Laura  Bridgman 
it  is  almost  the  sole  avenue  of  knowledge. 

That  these  divisions  of  the  memory  are  not  arbitrary,  but  correspond  to 
real  physiological  differences  in  the  brain  centres,  is  shown  by  pathologi- 
cal evidence.  Cases  are  cited  in  which  the  visual  or  (in  part)  the  audito- 
ry, or  the  motor  jnemory  and  apperception  pass  away  separately  leaving 
the  others  intact. 

The  practical  educational  import  of  these  facts  is  apparent.  The  eye- 
minded  man  will  waste  energy  by  attempting  to  learn  by  ear,  and  as  these 
traits  are  manifest  in  childhood  much  time  is  doubtless  wasted  in  absence 
of  this  knowledge.  Dr.  J.  Mortimer  Granville  lays  stress  on  this  infor- 
mation in  his  "Secret  of  a  Good  Memory."  He  there  gives  a  test  for  dis- 
covering whether  one  is  eye-minded  or  ear-minded,  which  is  good  but 
inadequate.  I  have  tried  further  tests  (fully  described  in  the  paper)  and 
depending  on  three  principles.  (1)  Find  the  limit  of  capacity  for  taking 
in  a  series  of  simple  visual  and  of  auditory  impressions,  disconnected  and 
connected  words  after  a  single  hearing  or  reading.  The  larger  limit  shows 
the  stronger  sense.  (2)  To  experiment  with  sentences,  etc.,  beyond  this 
limit  and  observe  the  amount  as  well  as  the  nature  of  the  error  committed. 
One  may  also  count  the  number  of  repetitions  necessary  to  fix  long  pas- 
sages, etc.  (3)  Have  both  processes  going  on  at  once  and  see  which  one 
usurps  most  of  the  attention  and  is  least  interfered  with.  The  eye- 
minded  will  know  more  of  what  he  reads  than  what  is  simultaneously  read 
to  him,  while  with  the  ear-minded  the  reverse  is  the  case.  In  all  the 
experiments  a  longer  or  shorter  interval  before  the  repetition  may  be 
inserted  and  the  strength  of  memory  as  well  as  of  apprehension  be  tested. 
Hints  for  testing  the  importance  of  the  motor  element  are  also  given. 
Besides  these  formal  tests  each  one  will  find  many  evidences  of  his  bent 
in  the  doings  of  every-day  life. 
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The  study  of  a  small  and  isolated  community  in  the  Bahama  Isl- 
ands. By  Prof.  T.  Wesley  Mills,  McGill  University,  Montreal, 
Canada. 

[abstract.] 

The  writer's  views  are  founded  upon  a  personal  study  of  this  commu- 
nity during  a  residence  of  some  weeks  on  Green  Turtle  Key,  a  small  island 
of  the  Bahama  group  opposite  Abaco.  The  population  is  made  up  of  blacks 
and  whites  in  nearly  equal  numbers  and  amounts  in  all  to  about  six  hun- 
dred. The  blacks  are  the  descendants  of  former  resident  slaves.  The 
chief  sources  of  subsistence  are  pine-apple  culture  and  the  sponge  fishery. 
The  population  as  a  whole  is  poverty-stricken.  The  food  used  generally 
is  physiologically  insufficient.  Neither  meat  (nor  fish),  milk  nor  eggs,  can 
be  reckoned  in  the  dietary  of  the  many.  The  blacks,  moreover,  by  their 
manner  of  closing  up  their  houses  during  the  night,  considering  the  large 
numbers  occupying  one  dwelling  in  proportion  to  the  cubic  space,  are  com- 
pelled to  breathe  a  vitiated  atmosphere  during  almost  half  the  time.  Hence, 
though  the  climate  is  favorable,  pulmonary  consumption  is  not  unknown. 

There  is  little  social  intercourse,  except  for  purposes  of  business,  es- 
pecially among  the  whites. 

For  a  large  portion  of  the  year  ships  scarcely  visit  the  island ;  so  that,  all 
things  considered,  there  is  thus  an  environment  of  the  most  monotonous 
kind.  The  wrecker's  spirit  and  the  gambling  spirit  generally  survive.  A 
study  of  the  temperature  taken  four  times  daily  by  the  writer,  as  well  as 
the  records  of  others  for  the  year,  shows  that  a  temperature  uniformly 
high  prevails  continually.  To  this  great  importance  is  to  be  attached  in 
explaining  the  want  of  energy  and  enterprise  manifest  on  every  hand 
among  these  people.  The  whole  environment  is  much  less  suited  to  the 
Anglo-Saxon  than  to  the  Negro  race.  The  whites  show  a  type-degeneracy 
to  be  attributed  to  lack  of  food,  insufficient  mental  stimulus  and  especially 
to  the  uniformly  high  temperature.  The  fact  that  there  are  few  immi- 
grants and  the  smallness  of  the  total  white  population  give  very  limited 
play  to  "  sexual  selection." 

The  causes  of  the  physical  and  psychical  degeneracy  to  be  observed  on 
Green  Turtle  Key,  in  the  Bahama  Islands,  may  be  thus  summarized :  an  in- 
adequate diet  in  the  physiological  sense,  combined  with  impure  air ;  the  de- 
pressing effect,  physical  and  psychical,  of  a  uniformly  high  temperature ; 
the  influence  of  uncertainty  in  the  reward  of  exertion,  and  of  unfounded 
expectation,  begetting  the  gambling  spirit ;  the  limited  play  of  sexual  selec- 
tion ;  and  the  lack  of  variety  in  the  afferent  influences  reaching  the  nervous 
centres  (experience)  ;  all  of  which  can  be  studied  especially  well  in  this 
community  on  account  of  its  diversity  in  race  composition  and  its  compar- 
atively isolated  and  stable  condition. 
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The  true  basis  of  ethxology.    By  Horatio  Hale,  Clinton,  Ontario, 

Canada. 

[abstract.] 

Ethnology  has  been  defined  as  "  the  science  of  the  races  of  men." 
Some  eminent  scholars  have  doubted  whether  there  can  properly  be  said 
to  be  sucli  a  science,  inasmuch  as  all  attempts  to  classify  mankind  into 
groups  have  thus  far  failed.  There  is  no  agreement  among  ethnologists 
as  to  the  number  of  distinct  races,  or  as  to  the  criteria  by  which  they  are 
to  be  distinguished.  The  color  of  the  skin,  the  texture  of  the  hair,  the 
shape  of  the  skull,  and  other  physical  traits  have  all  been  found  insuffl- 
cieut.  Language,  which  has  been  proposed  by  some  writers,  has  been 
rejected  by  others  as  a  means  of  distinction,  on  account  of  difficulties  aris- 
ing partly  from  misconceptions  as  to  the  nature  and  value  of  linguistic 
stocks,  and  partly  from  the  mixture  of  races.  The  object  of  the  paper  is 
to  show  that  these  difficulties,  when  properly  regarded,  form  no  real  ob- 
jection, and  that  linguistic  stocks  are  in  ethnology  what  the  physical  ele- 
ments are  in  chemistry,  the  true  basis  of  the  science.  The  classification 
of  races  by  languages  is  the  only  classification  which  has  a  genuine  scien- 
tific value.  Tlie  results  are  definite  and  certain,  and  lead  to  conclusions  of 
great  practical  importance.  Illustrations  are  given  from  the  history  of 
various  races,  including  the  African  and  American  tribes,  the  Iberians,  and 
the  Indo-European  nations. 


The  subdivisions  of  the  paljeolithic  period.     By  Dr.  Daniel  G. 
BuiNTON,  Media,  Penn. 

[abstract.] 

The  Stone  Age  has  been  subdivided  into  the  Palaeolithic  and  Neolithic 
periods  dependent  upon  certain  peculiarities  in  the  manufacture  of  the 
implements  themselves;  but  the  subdivisions  of  these  periods  have  been 
upon  other  characteristics.  The  writer  proposes  the  subdivision  of  the 
palaeolithic  period  into  (I)  the  epoch  of  simple  implements  and  (2)  the 
epoch  of  compound  implements,  upon  the  same  bases  as  the  main  subdivi- 
sions. 


The  serpent  mound  of  Adams  county,  Ohio,  and  its  preservation 
BY  the  Pkabody  Museum  of  Amkkican  Archeology  and  Eth- 
nology.   By  Prof.  F.  W.  Putnam,  Cambridge,  Mass. 
[abstract.] 
A  BRIEF  description  was  given  of  the  singular  earthwork  in  Ohio,  now 
so  generally  known  as  the  Serpent  Mound,  and  its  surroundings,  for  the 
purpose  of  calling  attention  to  the  important  fact  that  this  interesting 
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monument  of  antiquity  was  now  preserved  from  destruction,  a  fate  that 
would  soon  have  followed  had  it  been  left  unprotected. 

About  sixty  acres  of  land  have  been  secured  on  the  eastern  side  of 
Brush  Creek,  including  the  high  ridge  upon  which  the  long  earthwork 
in  the  shape  of  a  serpent,  with  the  oval  work  in  front  of  the  serpent's 
mouth,  is  situated,  the  conical  mound  southeast  of  the  serpent,  and  the 
land  about,  upon  which  are  indications  of  a  village-site  and  a  burial-place. 

In  the  southeastern  corner  of  this  lot  of  land  there  is  a  beautiful  grove 
of  maples  shading  two  springs,  one  of  which  is  a  "  sulphur"  spring,  and 
here  it  is  proposed  to  build  a  spring-house  of  stone,  and  prepare  a  picnic 
ground.  A  road  is  to  be  laid  out,  leading  from  the  Locust  Grove  pike*  to 
this  picnic  ground,  and  shaded  paths  will  lead  from  the  grove  to  the  con- 
ical mound  and  to  the  serpent. 

Several  years  since  these  earthworks  were  ploughed  over  and  cultivated 
for  a  few  years,  and  holes  were  dug  by  seekers  for  buried  treasures ;  paths 
and  washouts  have  also  injured  the  embankment,  but  all  these  injuries 
will  be  repaired,  and  the  earth  ploughed  from  the  top  of  the  embankment 
down  its  sides  will  be  replaced,  but  without  attempting  to  restore  the 
banks  to  their  original  height,  and  the  banks  will  be  covered  with  grass. 
In  this  manner  the  work  will  be  preserved  for  the  benefit  of  future  gener- 
ations, and  the  "  Serpent  Mound  Park,"  with  its  many  interesting  features 
and  its  beautiful  surroundings,  will  be  opened  to  all  comers  for  enjoy- 
ment and  for  the  study  of  a  monument  which  is  both  unique  and  instruc- 
tive in  American  archaeology. 

For  the  accomplishment  of  these  important  results,  archaeologists  for 
all  time  to  come  will  be  indebted  to  the  energetic  action  of  a  few  ladies 
in  Boston,  whose  hearty  cooperation  in  the  efibrts  to  save  a  monument 
which  a  recent  visit  had  convinced  me  was  doomed  to  immediate  destruc- 
tion unless  at  once  preserved,  secured  the  necessary  funds  by  subscription. 
With  this  money  the  land  was  purchased  and  accepted  as  a  trust  by  the 
Trustees  of  the  Peabody  Museum,  a  department  of  Harvard  University. 
Over  five  thousand  dollars  were  raised  by  the  ladies,  of  which  about  four 
thousand  were  expended  for  the  land  and  incidental  expenses.  The  re- 
maining sum  will  be  used  in  repairing  the  mound  and  fencing  it  in,  and, 
as  far  as  possible,  in  building  the  roads  and  spring-house.  In  order  to 
carry  out  all  the  proper  arrangements  in  the  park  and  make  it  what  it 
should  be,  and  properly  protect  it  by  fences,  fifteen  hundred  to  two  thous- 
and'dollars  more  are  required.  As  this  is,  in  every  sense,  a  National  Park 
in  which  every  American  should  take  an  interest,  it  is  to  be  hoped  that 
the  efibrts  of  the  ladies  of  Boston  will  be  seconded  by  friends  in  other 
places,  and  this  small  sum  soon  be  secured.  The  example  thus  set  must 
bear  good  fruit,  and  we  can  now  feel  sure  that  a  greater  interest  than 
ever  before  will  be  taken  in  the  preservation  of  the  ancient  monuments  of 
America. 

1  The  nearest  point  by  railroad  are  Peebles  and  Hillsborough. 
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On     THR    PRESERVATIOX    of    ARCIIiEOLOGIC    MONUMENTS.       By    AlICK    C. 

Fletcher,  Peabody  Museum,  Cambridge,  Mass. 
[A  letter  addressed  to  the  Section.] 

The  importance  of  preserving  the  remains  of  the  ancient  peoples  of 
America  needs  no  argument  before  this  Section.  Students  are  already  do- 
ing their  part  toward  saving  the  past  history  of  the  American  races;  but 
there  is  a  task  to  be  accomplished  which  it  seems  fitting  to  ask  Congress 
to  take  up  in  behalf  of  our  national  culture.  This  is,  to  set  aside  certain 
portions  of  the  public  domain  in  the  southwest  territories  in  which  are 
characteristic  remains  of  former  and  of  present  aboriginal  life,  and  hold- 
ing them  as  national  reserves. 

Many  of  the  most  remarkable  ruins  and  dwellings  are  upon  land  of  little 
value  to  the  settler,  so  that  the  claims  of  archaeology  do  not  interfere  with 
local  prosperity. 

Each  year  of  study  and  research  makes  it  important  to  hold  these  mon- 
uments of  a  past  and  fast  fading  life,  for  the  benefit  of  the  future,  and  they 
are  daily  in  more  and  more  danger  from  the  curiosity  and  zeal  of  traders. 
If  they  are  not  speedily  preserved  many  will  irrevocably  be  lost. 

I  would  therefore  propose  that  the  Section  take  such  action  as  is 
deemed  best  to  memorialize  Congress,  and  secure  the  needed  legislation, 
to  eflfect  such  preservation  as  shall  stand  as  a  monument  of  our  Interest  as 
Americans  in  the  history  of  our  country. 

[This  communication  called  forth  many  remarks  upon  the  importance  of 
preserving  the  archaeological  monuments  of  America,  and  the  Section  nom- 
inated Miss  Alice  C.  Fletcher  and  Mrs.  T.  Stevenson  as  a  committee  to 
memorialize  Congress  to  pass  laws  for  the  preservation  of  such  of  the  ar- 
chseologic  monuments  on  the  public  lands  as  may  be  determined  as  most 
important.  The  Council  of  the  Association  confirmed  the  nominations  by 
the  Section  and  the  Committee  were  appointed. —  Editor.] 


Recent  ARCHiEOLOOiCAL  investigations  in  the  Champlain  Valley. 
By  Prof.  G.  H.  Perkins,  Burlington,  Vt. 


Anthropology  as  a  study  in  a  college  course.     By  Prof.  G.  H. 
Perkins,  Burlington,  Vt. 


On  thk  assumkd  mytiiicai,  character  ov  Puofkssor  Heer's  Atlantis 
theory.  By  Prof.  John  Kost,  State  Geologist  of  Florida,  Talla- 
hassee, Florida. 
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On  the  cobrelation  of  ceutain  mental  and  bodily  conditions  in 
MAN.     By  Dr.  Chas.  Porter  Hart,  Wyomiug,  Ohio. 


China  in  America  :  a  study  of  the  social  life  of  the  Chinese  in  the 
EASTERN  cities  OF  THE  UNITED  STATES.  By  Stewart  Culin,  Phila- 
delphia, Pa. 


System  of  symbols  adapted  for  American  prehistoric  arch.s:ology. 
By  Dr.  Wills  De  Hass,  Washington,  D.C. 


History  and  present  condition  of  prehistoric  archaeology  in  West- 
ern Europe.    By  Thomas  Wilson,  Washington,  D.C. 

[An  abstract  of  this  paper  is  published  in  the  American  Antiquarian.] 


Exhibition  and  description  of  a  large  votive  adze  made  op  jade- 
ITE,  FROM  Oaxaca,  Mexico.     By  George  F.  Kunz,  New  York,  N.  Y. 

[This  paper  will  be  printed  with  a  colored  plate  of  full  size,  in  the  Ee- 
port  of  the  Bureau  of  Ethnology,  Smithsonian  Institution.] 


On  a  remarkable  carving  in  rock  crystal,  representing  a  human 
SKULL.     By  Geo.  F.  Kunz,  New  York,  N.  Y. 

[This  paper  will  be  printed  in  the  American  Antiquarian.] 


Music  and  poetry  of  the  Eskimos.     By  Dr.  Franz  Boas,  New  York, 
N.  Y. 


The  Indians  of  British  Columbia.    By  Dr.  Franz  Boas,  New  York, 
N.  Y. 


The  Niam  Niams  and  their  neighbors.    By  Dr.  Franz  Boas,  New  York, 
N.  Y. 


The  paleolithic  age  in  America.    By  Rev.  S.  D.  Peet,  Mendon,  111. 


TOTAMISM  AND  ANIMAL  WORSHIP  :  WAS  IT  CONFINED  TO  RACES  WHO  WERE 

IN  THE  HUNTER  STAGE?    By  Rev.  S.  D.  Peet,  Mendon,  111. 


Some  of  the  unsolved  problems  connected  with  the  stone  aoe,  ks- 
pkcially  as  to  its  SUBDIVISIONS.    By  Rev.  S.  D.  Peet,  Mendon,  III. 
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The    Santhals   of   Northeastern  Bengal.     By  Dr.   S.  Kneeland, 
Boston,  Mass. 
[This  paper  will  be  printed  in  full,  with  illustrations,  in  the  Bulletin  of 
the  Essex  Institute.] 


Evidences  of  a  Pre-Indian  occupation  of  New  Jersey.    By  Br.  C.  C. 
Abbott,  Trenton,  N.  J. 


The  relation  of  arch.eological  remains  to  river  terraces.    By  A. 
"W.  Butler,  Brookville,  Ind. 


Prkuminary  studies  of  platyonemic  TiBiiE.    By  Dr.  Frank  Baicer, 
Washington,  D.  C. 


The  philosophy  of  wit,  humor  and  satire.    By  Melville  D.  Landon, 
New  York,  N.  Y. 
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ECONOMY  IN  MANAGEMENT  OF  THE  SOIL. 


At  the  great  Boston  meeting,  in  1880,  amendments  to  the  con- 
stitution of  the  American  Association  were  proposed,  effecting  an 
entire  re-organization  and  including  the  formation  of  the  Section  of 
Economic  Science  and  Statistics.  The  amendments  were  adopted 
the  next  year  at  Cincinnati,  and  went  in  operation  at  the  Montreal 
meeting,  in  1882.  This  section  was  then  organized  and  held  its 
first  session  for  the  consideration  of  papers  referred  to  it. 

There  have  been,  consequent!}^,  five  meetings  of  this  section  of 
economic  science  and  statistics,  prior  to  the  present.  This  hardly 
furnishes  age  or  material  for  a  history,  but  I  venture,  in  discharge 
of  the  duty  assigned  me  to  open  the  sessions  of  this  year,  briefly 
to  review  the  work  of  the  past,  as  illustrating  the  purposes  and 
scope  of  this  section  of  the  Association  and  suggesting  some  of 
the  subjects  to  which  it  may  profitably  give  attention  in  the  fu- 
ture. 

In  his  opening  address  for  the  Montreal  meeting,  Dr.  E.  B.  El- 
liott of  Washington,  the  first  presiding  officer,  and  ever  since  con- 
spicuously identified  with  this  section,  made  statements  regarding 
its  origin  and  objects  which  may  well  be  repeated.^ 

The  American  Association  was  largely  modelled  after  the  Brit- 
ish Association  for  the  Advancement  of  Science.  That  body  was 
organized  in  1831,  and  in  the  twenty-fifth  year  of  its  existence  es- 
tablished a  section  of  economic  science  and  statistics.  The  simi- 
lar section  of  the  American  Association  was  organized  at  its 
thirty-first  annual  meeting. 

»  Vol.  XXXn,  A.  A.  A.  S.,  p.  446. 
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"  The  subjects  which  properly  pertain  to  this  section  are  scien- 
tific, not  speculative.  The  section  is  to  deal  with  facts,  known 
facts;  not  scattered,  heterogeneous,  unrelated  facts,  but  known 
facts  reduced  to  order." 

The  scope  of  the  section  permits  "  the  consideration  of  a  vast 
extent  of  special  subjects  relating  to  man,  his  nature,  possessions 
and  his  surroundings  of  all  kinds,  including  facts  tending  to  show 
the  condition  and  changing  condition,  of  communities,  races,  in- 
dividuals and  interests." 

But  under  its  entire  title,  "  the  subjects  to  be  submitted  to  this 
section  are  not  exclusively  those  which  belong  to  economic  sci- 
ence, but  may  pertain  to  any  facts  to  which  the  application  of  sta- 
tistical methods  is  peculiarly  adapted  to  facts  susceptible  of  numer- 
ical expression  and  which  may  be  arranged  in  tables."  ^  To  this 
should  be  added,  all  facts  which  may  be  advantageously  presented, 
compared  or  contrasted,  by  graphical  methods  of  illustration. 

As  in  the  British  Association  a  section  of  statistics  only  existed 
for  years  before  economics  were  added  to  its  scope,  so  in  this  section 
the  statistical  features  took  the  lead.  At  the  Montreal  meeting 
nine  or  ten  of  the  fifteen  papers  considered  were  of  a  statistical 
character,  and  the  next  year,  at  Minneapolis,  the  late  Dr.  Franklin 
B.  Hough,  as  vice  president,  opened  the  session  with  an  elaborate 
technical  address  on  The  Methods  of  Statistics.^  But  the  ten  pa- 
pers following  nearly  all  presented  economic  questions  and  this  has 
been  the  character  of  much  the  greater  number  of  subjects  since 
considered  by  the  section.  (It  is  only  fair  to  add,  in  this  connec- 
tion, that  our  good  friend,  Doctor  Elliott,  was  not  present  at 
Minneapolis). 

The  largest  and  most  important  meeting  of  this  section  was  at 
Philadelphia,  in  1884.  The  sessions  were  opened  by  Gen.  John 
Eaton,  jr.,  as  vice  president,  with  an  address  upon  Scientific  Meth- 
ods and  Scientific  Knowledge  in  Common  Affairs.^  Unfortunately, 
this  was  not  preserved  in  full,  although  the  section  secretary  se- 
cured an  excellent  abstract.  General  Eaton  emphasized  a  char- 
acteristic feature  of  this  section  :  while  the  papers  considered  are 
treated  in  a  scientific  manner,  they  are  generally  upon  subjects  hav- 
ing a  lively  public  interest  and  are  presented  in  a  popular  form. 


»  These  quotations  from  pp.  446-7,  Vol.  XXXII,  A.  A.  A.  S. 
» Vol.  XXXII,  do.,  p.  431.  *  Vol.  XXXllI.  do.,  p.  621. 
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Several  of  the  distinguished  foreigners  present  at  Philadelphia 
contributed  to  the  sessions  of  Section  I,  and  tliirty-one  papers 
were  considered,  being  more  than  one-tenth  of  all  accepted  that 
year  by  the  Association. 

At  the  Ann  Arbor  meeting,  this  section  received  fourteen  pa- 
pers, and  ten  last  3'ear  at  Buffalo.  In  all,  therefore.  Section  I  has 
had  read  and  discussed,  at  its  five  yearly  meetings,  eighty  papers, 
of  w'hicli  four-fifths  were  upon  economic  subjects,  the  rest  being 
purely  statistical. 

The  annual  address  of  1885,  by  vice  president  Edward  Atkin- 
son was  upon  The  Application  of  Science  to  the  Production  and 
Consumption  of  Food ^^  and  last  year  Dr.  Joseph  Cumraings  spoke 
of  Capitalists  and  Laborers.^  The  appropriateness  of  all  these 
A'ice-presidential  addresses  will  be  noted,  and  timely  suggestions 
might  be  obtained  by  reviewing  them.  It  should  be  remarked 
in  passing,  that  the  address  of  Dr.  W.  J.  Beal,  before  the  section 
of  biology,  in  1883,  upon  The  Needs  and  Opportunities  of  Agri- 
culture,'^ and  that  of  Dr.  H.  W.  Wiley,  before  the  chemical  section. 
in  1886,  upon  The  Economical  Aspects  of  Agricultural  Chemistry,^ 
would  both  have  been  peculiarly  suited  to  the  consideration  of  this 
section. 

The  sixteen  statistical  papers  read  before  the  section  may  be 
grouped  about  equally  under  these  heads :  Census ;  Financial ; 
Measures,  including  Time  ;  and  Sundries. 

The  sixty-four  papers  upon  economic  subjects  admit  of  this 
classification,  in  numerical  order  :  Educational ;  The  Food  Ques- 
tion, including  Food  Fishes  ;  Forestry  ;  other  agricultural  topics  ; 
Financial ;  and  the  Indian  as  an  Economic  Problem.  This  leaves 
twenty-eight  papers  so  diverse  as  to  be  unclassified. 

As  examples  of  work  in  the  past,  especially  appropriate  to  the 
sphere  of  this  section,  the  titles  of  several  papers  are  quoted  : 

Educational : 
The  Appprenticeship  Question  and  Industrial  Schools.^ 
The  Aims  and  Methods  of  Manual  Training  Schools.'" 
Proposed  "  New  Departure"  in  the  Form  of  Deaf-mute  Schools.'^ 

On  Foods : 
Percentages  and  Cost  of  Nutrients  in  Foods. ^^ 

•  Vol.  XXXI V,  A.  A.  A. 8.,  p.  426.    •  Vol.  XXXV,  do.,  p.'SSO.    »  Vol. XXXII,  do.,  p.  279. 

•  Vol.  XXXV,  do.,  p.  125.  »  Vol.  XXXUI,  p.  do.,  ftM. 

>o  Jbid.  p.  675.  "  Ibid.  p.  652.  »» Ibid.  p.  648. 
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Relative  Values  of  Human  Foods. '^ 

Possibilities  of  Domestic  Sugar  Supply  from  Sorghum. i"* 

Food  Fishes  : 
The  German  Carp  in  the  United  States. ^^ 
O^'ster-Farming  in  Connecticut. ^^ 
Results  Produced  by  the  Artificial  Propagation  of  Fish.'''' 

Forestry  : 
Some  of  the  Economic  and  Scientific   Principles  in  Tree-growth 
and  Tree-destruction. 18 

Investment  in  Forest   Culture  Compared    with   other  Productive 

Industries. 1^ 
The  Structure  and  Economic  Value  of  some  of  our  Woods. ^o 

Among  those  unclassified  : 
Some  Economic  and  Social  Effects  of  Machinery. ^^ 
The  Philosophy  of  Criminal  Development.^^ 
Centenarianism  in  the  United  States. ^^ 

These  fairly  illustrate  the  scope  of  Section  I,  and  suggest  the 
character  of  topics,  wliich,  presented  in  proper  form,  and  within  rea- 
sonable limits,  will,  I  feel  sure,  be  welcomed  hereafter,  as  suitable 
contributions  to  the  proceedings  of  this  branch  of  the  Association. 

The  very  breadth  accorded  to  this  section  has  caused  its  limits 
to  become  somewhat  indefinite,  and  it  must  be  admitted  that  there 
has  been  a  tendency  to  refer  to  "  I,"  papers  which  were  inappro- 
priate or  distasteful  elsewhere,  and,  apparently,  without  other 
reason,  they  have  been  taken  in  here,  through  a  commendably  phil- 
anthropic sympathy  for  the  homeless  and  wandering.  Reciprocity 
has  sometimes  resulted,  the  section  being  "  taken  in"  by  them  ! 
For  example,  "  Investigations  upon  the  power  to  move  railroad 
trains  and  mechanical  inspection  of  railroad  tracks,^"*  certainly  be- 
longed to  Section  "  D,"  where  it  doubtless  deserved  a  place  ;  and 
"A  new  method  of  land  cultivation  by  the  use  of  dynamite,"^^  vvas 
a  paper  of  the  kind  which  may  be  properly  declined  as  purely  chi- 
merical. It  certainly  behooves  our  sectional  committee  to  scrutin- 
ize offerings  and  maintain  a  proper  standard.  The  limitations 
defined  by  the  first  presiding  ofiicer  of  the  section  are  well  ex- 
pressed and  should  be  enforced  :     "  The  subjects  considered  must 

"  A.  A.  A.  S.,  Vol.  XXXI V,  p.  504.  >*  lUd.  Vol.  XXXV,  p.  362. 

16  Ihid.  Vol.  XXXII,  p.  458.  's/fiW.  p.  460.  J^  Ihid.  Vol.  XXXIII,  p.  647. 

18  Ibid.  Vol.  XXXI,  p.  612.  »•  Ibid.  p.  612.  2»  Ibid.  Vol.  XXXIII,  p.  647. 

"1  Ibid.  p.  638.  "  Ibid.  p.  675.  as  Ibid.  Vol.  XXXV,  p.  360. 

"/6id.  Vol.  XXXIII,  p.  675.  " /6«d.  p.  675. 
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be  truly  scientific,  that  is,  knowledge  reduced  to  order,  pertaining 
to  the  interests  of  man,  either  singly,  as  an  individual,  or  associ- 
ated in  communities,  or  related  by  some  common  law.^^ 

In  reviewing  the  work  of  the  section  as  a  whole,  one  cannot 
fail  to  note  that  while  purely  statistical  matters,  questions  of  pub- 
lic policy  and  topics  fairly  belonging  to  social  science,  have  re- 
ceived a  due  share  of  time  and  attention,  the  tendenc}'^  has  been 
towards  increasing  consideration  of  the  many  economic  problems 
connected  with  the  material  wants  of  man.  This  is  certainly  jus- 
tifiable. 

In  this  great  metropolis  or  wherever  our  Association  meets,  we 
are  shown  with  pride  the  abounding  evidences  of  the  progress  of  a 
great  nation  and  the  material  prosperity  of  its  people.  Tracing 
this  visible  wealth  to  its  source,  we  find  that  it  has  all,  with  insig- 
nificant exceptions,  been  produced  from  the  soil. 

The  American  inheritance  was  a  fertile  soil,  and  to  the  generous 
stores  of  three  elements  of  plant  food,  potassium,  phosphorus  and 
nitrogen,  the  accumulations  of  ages,  we  owe  all  that  we  have  and 
have  had,  of  things  material.  A  policy  perhaps  warranted  by  the 
circumstances,  but  none  the  less  improvident,  has  marked  the 
growth  of  the  nation.  Generation  after  generation  has  recklessly 
drawn  upon  the  stored  fertility  of  the  land,  with  no  systematic  ef- 
fort at  restitution,  not  only  to  suppl}^  the  current  support  of  the 
people,  but  the  surplus  which  has  provided  all  our  apparent  wealth 
other  than  land,  and  enabled  us  to  make  all  our  public  and  pri- 
vate improvements. 

The  relation  of  this  accumulated  wealth  to  the  annual  cost  of 
maintenance  was  strikingly  shown  by  Mr.  Atkinson,^^  when  he 
stated  to  us  at  Ann  Arbor,  that  the  value  of  all  the  possessions 
of  our  people,  land  excepted,  does  not  equal  the  sum  total  of  three 
years*  production  of  our  industries.  At  the  same  time  he  pre- 
sented the  startling  fact  that  "  the  average  product,  to  each  per- 
son, in  this  most  prosperous  country,  measured  in  money  at  the 
point  of  final  distribution  for  final  consumption,  does  not  exceed 
fifty  to  fift^'-five  cents  per  capita,"  and  after  we  have  provided  for 
maintaining  our  capital  and  for  government  support,  "  each  aver- 
age person  must  find  shelter  and  be  supplied  with  food  and  cloth- 
ing, out  of  what  forty  to  forty-five  cents  per  day  will  buy,  be- 
cause such  is  the  measure  in  money  of  all  that  is  produced  and 

«•  A,  A.  A.  S.,  Vol.  XXXII,  p.  UB.  "J  Ibid.  Vol.  3CXXIV,  p.  442. 
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we  cannot  have  more  than  all  there  is."  These  facts,  taken  together, 
show  the  very  small  margin  upon  which  we  are  working  and  the 
great  excess  of  the  necessary  cost  of  living  over  the  surplus 
which  furnishes  our  luxuries  and  accumulations.  While,  there- 
fore, we  profitably  devote  our  thoughts  to  physical  comforts,  pleas- 
ures and  intellectual  development,  to  social  progress  and  public 
improvement,  how  much  more  should  we  study  the  many  economic 
problems  connected  with  the  necessaries  of  life,  upon  which  we  ex- 
pend at  least  four-fifths  of  our  annual  income  ! 

For  food,  clothing,  shelter  and  fuel,  we  depend  almost  entirely, 
directly  or  indirectly,  upon  the  soil.  The  rai)idly  increasing  de- 
mands of  our  own  country  are  met  and  more  than  met,  so  far  as 
mere  quantity  is  concerned,  for  a  great  surplus  is  annually  sent 
abroad.  For  twenty  years,  agricultural  products  have  constituted 
three-fourths  of  the  total  exports  from  the  United  States,  while  in 
single  recent  years  this  propoition  has  reached  eighty-three  per 
cent  and  amounted  in  value  to  nearly  $1)00,000,000.  And  it  is 
manifest  that  this  superabundance  of  soil  products  will  continue, 
despite  any  possible  increase  in  population,  at  least  well  into  the 
next  century.  But  the  wisdom  and  economy  of  our  present  sys- 
tems of  production  and  disposition  are  a  ver^'  different  matter.  A 
steady  draft  continues  upon  the  important  elements  of  fertility 
with  no  adequate  s^^stem  of  restitution  or  recuperation  for  the  soil. 
Every  crop  removed  from  the  land  diminishes  its  store  of  plant 
food  and  thus  reduces  its  productive  power.  The  average  pro- 
duction per  acre,  notwithstanding  the  progressive  improvements 
in  our  farming,  has  steadily  decreased,  not  onl}-  in  the  older 
states  but  in  some  of  the  newest  and  richest  sections.  The  great 
wheat  fields  of  the  northwest  and  of  California  do  not  produce,  at 
the  present  time,  more  than  half  the  crop  formerly  obtained  from 
them. 28 

We  boast  of  our  great  exportation  of  soil  products,  forgetting 
that  this  really  means  the  sending  to  foreign  lands  of  great  blocks 
of  our  store  of  natural  fertility,  thus  disposing  of  the  main  source 
of  our  national  wealth  by  the  ton  and  by  the  million. 

The  steady  reduction  in  the  fertility  of  the  soil,  which  results 
from  the  annual  draft  by  cropping,  and  the  absolute  loss  incident 
to  the  ordinary  disposition  of  the  crops,  are  much  greater  than 

se  H.  W.  Wiley,  in  Vol,  XXXV,  A.  A.  A.  S.,  p.  135. 
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commonly  understood  and  a  matter  so  important  as  to  demand  se- 
rious consideration. 

For  present  purposes  it  is  sufficient  to  refer  to  only  three  ele- 
ments of  plant  food,  which  are  of  vital  importance  and  in  which 
the  soil  is  most  likely  to  be,  or  to  become,  deficient.  A  computa- 
tion based  upon  the  mean  agricultural  products  of  the  United 
States,  at  the  present  time,  the  average  composition  of  these  prod- 
ucts as  known  to  chemistry,  and  the  cash  value  of  the  chief  fertil- 
izing materials  in  domestic  markets,  give  the  following  stated 
quantities  and  values  of  the  three  elements  named,  which  are 
taken  from  the  land  by  the  farming  operations  of  every  year  :^^ 

4.000.000  tons  of  nitrogen,  worth  at  $3(>0.00  per  ton,  $1,440,000,000.00 

3.000.000    ••      •'  potash,  "       "  $100.00    "      "  300.000,000.00 

2,000,000    "     "  phosphoric  acid,  "      "  $120.00    "      •'         240,000,000.00 


Total  value,  $1,980,000,000.00. 

The  effect  upon  the  soil  depends,  of  course,  upon  the  disposi- 
tion of  the  products  embodying  these  enormous  quantities  and 
values.  Fortunately,  a  very  large  part  remains  upon  or  is  re- 
turned to  the  land,  in  the  processes  of  harvesting  and  preparing 
for  market,  and  more,  in  the  form  of  wastes  and  residues  incident 
to  consumption.  On  the  other  hand,  there  are  vast  absolute 
losses  resulting  from  the  well-known  wastes  of  towns  and  cities,  be- 
sides the  portions  actually  sent  to  foreign  countries.  To  apportion 
exactly  the  disposition  made  of  these  products,  and  hence  of  the 
fertilizing  elements  represented  thereby,  is  impossible  ;  but,  as  to 
the  latter,  a  rough  approximation  divides  the  total  into  three  parts, 
respectively  remaining  on  the  land,  returned  to  the  soil  and  wholly 
removed  from  it. 

This  country  imports  the  agricultural  products  of  other  coun- 
tries in  great  quantities,  but  in  kind  far  less  important  than  our 
exports  to  the  question  in  hand.  The  articles  exported  are  largely 
of  a  character  especially  rich  in  plant  food.  Making  due  allow- 
ances, therefore,  I  estimate  the  average  exportations  as  represent- 
ing thirteen  per  cent  of  the  fertility  value  of  our  total  products 

M  H.  W.  Wiley,  in  Proceedings  A.  A.  A.  S.,  Vol.  XXXV,  p.  ]2.'5.  While  the  compu- 
tation for  the  cereals  and  hay  crop  Is  undoubtedly  correct,  I  cannot  accept  the  as- 
sumed ratio  in  chemical  composition  between  these  and  all  other  agricultural  products 
as  equal  to  their  respective  market  values  {Ibid,  p.  134).  Therefore  the  totals  are  scaled 
down  vigorously  from  those  given  by  Doctor  Wiley,  as,  if  erring,  I  prefer  to  bo  withia 
the  truth. 
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and  our  absolute  wastes  at  home,  at  more  than  twentj-  per  cent  ad- 
ditional. Together,  these  constitute  a  full  third  of  the  figures 
above  given  ;  or  an  annual  removal  from  American  soil,  of  nitro- 
gen, potash  and  phosphoric  acid  worth  in  the  markets  of  this  city, 
to-day,  more  than  $600,000,000!  By  our  present  system  or 
rather  continued  improvidence,  in  the  production  of  the  necessa- 
ries of  life,  we  are  thus  diminishing,  at  this  alarming  rate,  the 
original  capital  of  our  foundation  industry. 

When  products  are  exported,  mainly  food,  which  are  worth 
$700,000,000  on  our  shores,  there  is  included  plant  food,  all 
needed  at  home,  which  we  cannot  replace  for  one-third  of  that 
sum.30  This  fertility  never  comes  back.  It  goes  to  enrich  other 
lands 'or  is  washed  into  seas  from  which  we  do  not  even  get  the  fish 
and  the  kelp.  Those  of  us  who  are  contending  with  impoverished 
soils  are  well  placed  to  appreciate  the  sober  subject  of  agricultu- 
ral exhaustion  and  are  in  duty  bound  to  send  an  earnest  word  of 
warning  to  those  who  labor  on  newer  lands. 

The  researches  of  modern  science  have  done  much  in  establish- 
ing truths  of  practical  value  regarding  the  effect  upon  the  fertility 
of  the  land,  of  removing  different  crops  and  products,  and  hence 
teaching  us  what  should  be  consumed  at  home  and  what  may  be 

»»This  statement  seems  incredible,  but  take  wheat  as  a  single  example.  From  the  flg- 
itres  given  by  Doctor  Wiley,  already  referred  to,  and  from  the  authorities  cited  by  him, 
the  following  figures  are  obtained  : 

Average  crop  of  wheat,  grain,  450,000,000  bushels;  straw,  22,689,000  tons. 
Wheatgrain;  nitrogen,  1.914  ?4;  asli,2.06^;  (potash,  31.16  ?4;  phosplioric  acid,  4().98  5»). 

"        straw,        "  0.496"      "      5.37  •'  "        13.65  •'  "  "        4.81 5i). 

Pounds.  Nitrogen.  Potash.  Phosphoric  acid. 

Wheat  grain,  524,880,000  173,311,920  261,302,760 

Wheat  straw,  225,074,880  332,623,008  117,210,012 


Total  pounds,  749,954,880  505,934,928  378,512,772 

Value  per  pound,  $.18  $.05  $.06 

Values,  $134,991,878.  $25,296,746.  $22,710,766. 

Total  values  of  plant  food  in  grain  and  straw,  $182,999,.390. 
"  "  "    marketable  cro))  in  grain  and  straw,  $150,000,000. 

Value  of  plant  food  in  crops,  40  f  of  its  market  value. 
The  figures  for  production  and  composition  of  products  cannot  be  disputed.  The 
measures  of  value  are  arbitrary;  but  wliat  otliers  can  be  used  ?  If  we  send  the  articles 
containing  these  fertilizing  elements  to  foreign  lands  and  then  attempt  to  secure  equiv- 
alents in  fertilizers  to  restore  to  our  soil,  the  market  prices  must  be  paid  for  them. 
These  prices,  as  agreed  upon  by  state  chemists,  are  used  above  as  the  measures  of 
value.  Moreover,  there  can  be  no  question  that  the  phosphoric  acid,  etc.,  as  existing 
in  the  products  exported,  is  in  a  form  more  available  for  plant  food,  and  hence  worth 
more  per  unit  of  weiglit,  than  in  the  usual  forms  of  commercial  fertilizers. 
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profitably  sold.  Thus,  if  ton  after  ton  of  farm  produce  be  re- 
moved from  a  western  farm  to  an  eastern  market,  or  from  any 
American  farm  to  a  European  market,  it  makes  a  great  difference, 
eventually,  to  the  land  where  produced  and  to  its  owner  or  user, 
whether  these  tons  be  of  corn  or  cotton,  beef  or  butter. 

The  following  table  illustrates  this  feature  in  connection  with 
some  of  the  principal  exports  of  the  United  States  -.^^ 


Articles 

ot 
export. 

Mean  an- 
nual exports 
in  tons. 

Approximate 
value  of  one  ton 
at  place  of  ex- 
port. 

Value  of 
plant  food 

in 
one  ton. 

Percentage  of 

plMnt-lood 

value  on  the 

market  value. 

Cotton- seed  meal. 

;'        250,000 

$  26.00 

$28.04 

108  ?t 

All  "oil  cakes"  and  meals. 

24.00 

23.80 

100 

Corn  (maize). 

14,000,000 

(36  bush.)    23.00 

6.94 

30 

Wheat. 

3,000,000 

(34  bush.)    34.00 

8.80 

?6 

Wheat  flour. 

750,000 

(lObbls.)     50.00 

7.08 

14 

Beeves,  alive. 

100,000 

100.00 

13.98 

14 

Dressed  beef. 

50,000 

160.00 

13.99 

8} 

Tobacco. 

150,000 

200.00 

15.92 

8 

Pork  products. 

600,000 

200.00 

13.43 

61 

Cotton. 

1,000,000 

(4  bales)    200.00 

60 

OJ 

Butter. 

15,000 

(40  tubs)    400.00 

.53 

OJ 

The  chief  lesson  of  this  table  is  the  great  loss  incurred  by  ex- 
porting cotton  seed,  cereals  and  breadstuffs,  instead  of  animal 
products ;  and  a  double  loss  occurs  here  because,  besides  the 
matter  of  plant-food,  is  that  of  transportation.  It  requires  an 
average  of  about  eight  tons  of  grain  and  like  products  to  bring  the 
price  of  one  ton  of  animal  products,  and  freight  is  paid  on  eight 
tons  instead  of  one.  If  we  must  export  wheat  or  wheat-flour,  it 
should  all  be  in  the  form  of  flour;  for  every  ton  of  this  grain, 
bringing  $84.00,  carries  away  $1.72  worth  of  plant-food  more  than 
a  ton  of  flour,  for  which  $50.00  is  received.  But  this  is  not  all ; 
instead  of  the  ton  or  thirty- four  bushels  of  grain,  we  have  to  send 

"  The  annual  reports  of  the  U.  S.  Bureau  of  Statistics.  Treasury  Department  and  of 
the  Department  of  Agriculture  are  deiiended  upon  for  the  mean  exports  and  their 
value.  For  the  chemical  composition,  the  authorities  used  are  Wolff,  Gilbert,  Mc 
Murtrie,  .Jenkins,  Wiley  and  Richardson;  and  the  rates  for  nitrogen,  jjotash  and 
pliosphoric  acid  are  tlie  same  as  quoted  from  Doctor  Wiley  and  used  on  previous 
pages. 
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over  one  and  a  half  tons,  or  fift}^  bushels,  to  equal  a  ton  of  flour. 
The  wheat  exported  annually  (three  million  tons)  equals  2,000,000 
tons  of  flour.  Were  flour  sent  in  place  of  this  grain,  the  bread- 
stuflT  going  abroad  would  be  the  same,  and  the  receipts  for  it  the 
same,  while  the  plant  food  exported  would  be  less  in  value  by 
$12,240,000.00  per  annum,  and  the  cost  of  freight  upon  one  mil- 
lion tons  would  be  all,  or  nearly  all,  saved.  It  is  also  seen  to  be 
five  per  cent  better  to  export  dressed  beef  than  the  equal  in  food 
of  live  animals,  and  this  is  strictly  true,  because  of  the  provisions 
now  so  general  for  saving  all  animal  offal  and  refuse  at  ports  of  ex- 
port, for  agricultural  purposes.  The  greatest  contrasts,  however, 
are  between  cotton  seed  and  cotton,  in  one  case,  and  grain  and 
butter  in  another.  Grain  is  worth  more  than  one-fourth  its  export 
value  as  manure  for  home-use ;  and  cottonseed  meal  is  actually 
worth,  to-day,  more  as  a  fertilizer  than  it  sells  for  as  stock  food, 
while  we  might  continue  to  export  cotton  (fibre)  and  butter,  in 
unlimited  quantities  and  for  centuries  to  come,  without  thereby 
perceptibly  reducing  the  fertility  of  the  soil  on  which  they  were 
produced. 

It  merely  mitigates  the  evil  presented  to  note  that  the  soil  holds 
large  quantities  of  plant  food  still  in  store,  that  nature  has  pro- 
vided supplies  of  mineral  manures  in  concentrated  form,  deposited 
in  various  places,  and  that  some  investigators  yet  believe  they 
will  prove  conclusively  the  assimilation  by  plants  of  the  free  nitro- 
gen of  the  atmosphere. 

Should  the  much  disputed  question  of  nitrogen  supply  be  so 
settled,  it  would  certainly  remove  a  vast  deal  of  anxiety,  trouble 
and  expense ;  for,  as  we  have  seen,  nitrogen  constitutes  three- 
fourths  in  value  of  the  plant  food  annually  used  by  crops.  It  is 
surely  a  subject  which  demands  exhaustive  study.  But  the  prev- 
alence of  the  belief  that  the  growing  plant  depends  almost  exclu- 
sively upon  the  soil  and  has  no  power  to  assimilate  the  free  nitrogen 
of  the  air,  is  amply  shown  by  the  market  prices  of  ammoniated 
manures  and  the  extent  of  their  sale  and  use. 

The  trade  in  commercial  fertilizers  has  reached  wonderful  pro- 
portions, and  agriculturists  hail  with  joy  the  discovery  of  every 
new  deposit  like  the  potash  salts  of  Germany  and  the  mineral 
phosphates  of  Canada  and  the  Carolinas.  But  the  expense  inci- 
dent to  mining,  manipulation  and  transportation  greatly  impedes 
the  use  of  these  natural  stores  and   makes  the  more  important 
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every  means  of  husbanding  the  home  resources  of  every  acre  of  ar- 
able land. 

If  the  statement  could  be  accepted  without  much  qualification, 
we  might  derive  great  comfort  from  the  assurance  that  chemical 
examination  of  soils  shows  the  presence,  within  reach  of  the 
plow,  of  9,000  pounds  of  potash  and  half  as  much  phosphoric 
acid  on  every  acre,  or  enough  to  supply  the  average  crop  for 
225  to  250  years.32  Now,  in  the  first  place,  the  average  land 
in  tillage,  at  the  present  time,  by  no  means  reaches  such  a 
standard,  and,  in  the  second  place,  it  is  well  known  that  only 
a  very  small  fraction  of  the  plant  food,  actually  present  in  the 
soil,  is  in  an  available  form.  Ordinarily,  more  than  ninety-nine 
per  cent  of  the  plant  food  which  it  is  possible  for  the  chemist 
to  find  in  soil,  the  plant  itself  finds  dormant  and  unavailable. 
Time  and  natural  agencies  gradually  convert  these  inert  elements  ; 
but,  to  keep  pace  with  agricultural  demands,  the  physical  proper- 
ties of  soils  must  be  closely  studied  and  knowledge  obtained  and 
applied  regarding  the  proper  mechanical  treatment  of  land. 

Figures  already  given  sufficiently  demonstrate  the  recognized 
condition  and  needs  of  the  soil.  So  difficult  is  it  to  make  the 
once  fertile  land  bring  into  use  the  natural  reserves,  and  so  active 
tlie  demand  for  plant  food  in  every  available  form,  to  return  to  the 
soil  that,  incredible  as  it  appears,  commercial  fertilizers  are  main- 
tained at  such  selling  rates  as  to  make  the  entire  annual  farm 
pro<luct8  of  this  country  worth  almost  half  as  much  for  manure, 
as  they  are  in  the  market.33  Do  not  these  facts  alone  furnish  rea- 
son enough  for  such  a  thing  as  agricultural  science? 

Witli  our  rapidly  increasing  population  and  a  constantl}'  lessen- 
ing fertility  of  soil,  we  have  presented  to  us  questions  of  the  grav- 
est import.  By  the  wasteful  processes  prevailing,  we  are  expending 
our  very  substance  and  daily  adding  to  a  burden  under  which  gen- 
erations to  come  will  stagger.  The  true  economy  of  soil  manage- 
ment, involving  the  production  for  our  people  of  food  and  clothing, 
fuel  and  shelter  and  the  wise  arrangement  and  disposition  of  our 
surplus,  are  problems  great  enough  to  satisfy  the  ambition  of  both 
scientists  and  statesmen. 

In  an  able  exposition  of  the  condition  and  prospects  of  the  ag- 

"  A.  A.  A.  S.,  Vol.  XXXV,  p.  137. 

*>  Total  mean  value  of  annual  agricultural  prodnctB,  ....    $4,000,000,000. 
Total  value  plant  food  in  same,  at  commercial  rates  (p.  9),       .       .      1,980,000,000. 
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riculture  of  this  country,  Gen.  Francis  A.  Walker^^  claims  that 
the  American  people  have  been  fully  justified,  upon  sound  econom- 
ical principles,  in  the  past  system  of  cultivation  of  the  soil,  at 
the  expense  of  future  generations.  He  says  :  "  Thirty-eight  noble 
states,  in  an  indissoluble  union,  are  the  justification  of  this  pol- 
icy. Their  schoolhouses  and  factories,  their  roads  and  bridges, 
their  railways  and  warehouses,  are  the  fruits  of  the  characteristic 
agriculture  of  the  past."  But  the  reasons  for  wasteful  systems  no 
longer  exist.  "  The  country  in  its  arable  parts  is  settled,  and  the 
line  of  population  now  rests  near  the  base  of  the  great  sterile 
mountains  which  occupy  so  large  a  part  of  the  continent  .  .  . 
A  continuance  of  this  policy  will  be  not  the  improvement  of  our 
patrimony,  but  the  impoverishment  of  our  posterity  .  .  .  Eco- 
nomical and  political  considerations  alike  demand  that  the  soil 
bequeathed  to  this  generation,  or  opened  up  by  its  own  exertions, 
shall  hereafter  be  deemed,  and  held,  as  a  sacred  trust  for  the  Amer- 
ican people  through  all  time  to  come,  not  to  be  diminished  or  im- 
paired for  the  selfish  enjoyment  of  its  immediate  possessoi'S." 

These  considerations  should  increase  our  regard  for  the  business 
of  farming  and  our  interest  in  it.  We  should  all  rejoice  at  the  re- 
vival of  agricultural  studies  and  the  increasing  number  of  able 
men  who  are  making  them  their  life's  work.  Let  me  cordially  in- 
vite continued  contributions  to  the  proceedings  of  this  section, 
upon  foods,  fabrics,  forestry,  industrial  education  and  other  topics 
closely  related  to  our  material  welfare.  And  I  appeal  for  more 
aid  and  encouragement  for  the  earnest  workers  in  other  sections  — 
in  biology  and  chemistry,  physics  and  mechanics — who  are  labor- 
ing in  their  various  branches  of  science,  that  its  practical  results 
may  be  applied  to  economizing  the  fertility  of  the  soil,  which  is  the 
basis  of  our  national  prosperity. 

»<  Tenth  U.  S.  Census,  Vol.  Ill,  p.  xxxiii. 
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Physiological  and  pecuniary  economy  of  food.     By  Prof.   W.  0. 
Atwater,  MiddletowB,  Ct. 

[abstract.] 
Statistics  are  cited  comparing  dietaries  of  ordinary  people  with  ac- 
cepted standards,  and  the  nutritive  values  of  food  materials  with  tlie 
pecuniary  costs.  It  is  inferred  that  the  diet  and  dietary  practices  of 
American  working  people,  as  of  those  of  other  classes,  might  be  im- 
proved : — 

1.  By  saving  food  that  is  now  wasted  in  large  quantities. 

2.  By  avoiding  needlessly  expensive  food-materials  and  making  less 
costly  food  equally  palatable  by  proper  preparation. 

3.  By  dispensing  with  a  portion  of  the  fatter  meats  and  other  fatty  food 
and  using  more  of  the  leaner  meats  and  fish. 

The  indications  are  that  the  benefit  to  both  purse  and  health  that  would 
accrue  from  such  Improved  economy  would  be  very  great. 


Food  of  working  men  and  its  relation  to   the  work  done.     By 
Prof.  W.  O.  Atwatkr,  Middletown,  Conn. 

[ABSTRACT.] 

.lUDGKD  from  such  statistics  as  are  available  (especially  from  dietaries 
collated  in  Massachusetts  and  Connecticut)  the  food  of  people  in  general, 
in  this  country : 

1.  Is  large  in  amount. 

2.  Includes  very  large  proportions  of  meat  and  other  animal  food- 
materials. 

3.  Is  consequently  very  rich  in  protein  and  in  potential  energy. 
These  statements  apply  to  the  dietaries  of  mechanics  and  other  manual 

laborers.  Compared  with  those  of  people  of  corresponding  classes  in  Eu- 
rope, the  food  of  Americans  Is  much  superior  in  each  of  the  respects  men- 
tioned. The  American  does  more  worlc  than  the  European.  It  is  inferred 
that  his  greater  efficiency  Is  due,  in  part  at  least,  to  his  better  nourish- 
ment. Chemical  and  physiological  considerations  and  detailed  statistics 
are  cited  in  support  of  this  view. 

(835) 
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The  science  of  civics.  By  Henry  Kandall  Waite,  Ph.D.,  New  York, 
N.  Y. 

[abstract.] 

1.  The  term  Civics.    Its  meaning  and  its  scope. 

It  includes  correlated  facts  in  Ethics,  Politics  (Political  Science)  Eco- 
nomics and  Jurisprudence,  considered  with  reference  to  their  bearings  up- 
on questions  of  vital  importance  in  affairs  of  government  and  citizenship. 

2.  TTie  relative  position  of  Civics  among  the  sciences. 

(1)  Its  recognition  as  a  science  will  be  an  effectual  aid  to  the  more 
exact  definition  of  the  limits  of  the  separate,  but  related,  fields  in  which 
it  finds  its  own  material;  and  as  a  result  will  lead  to  more  satisfactory 
results  in  the  study  of  Ethics,  Politics,  Economics  and  Jurisprudence,  sep- 
arately considered.  (2)  The  assignment  to  a  common  field,  for  study 
and  investigation,  of  the  related  facts  in  the  several  fields  above  referred 
to,  will  secure  for  them  an  attention  commensurate  with  their  importance. 

8.     The  study  of  Civics. 

(1)  Its  importance  as  a  preparation  for  the  discharge  of  civic  duties, 
in  public  and  private  stations.  (2)  Some  observations  as  to  methods  of 
study,  in  public  schools,  higher  institutions,  etc. 


Relative  values  of  different  kinds  of  milk  and  milk  products. 
By  Prof.  Henry  E.  Alvord,  Amherst,  Mass. 

Tabstract.'! 

Reference  is  first  made  to  a  paper  entitled  "  Relative  Values  of  Human 
Foods,"  by  the  same  author,  contributed  to  the  Ann  Arbor  meeting  and 
published  in  A.  A.  A.  S.,  vol.  xxxiv,  p.  504.  To  that  paper  including  its 
tables,  this  is  a  supplement.  The  nutrients  contained  in  the  articles 
named,  according  to  their  average  chemical  composition,  are  the  basis  of 
valuation,  and  the  standard  for  values  of  the  protein  and  carb-hydrates 
contained  is  the  same  as  fully  explained  in  the  former  paper. 

"With  this  explanation  the  following  table  is  presented,  compiled  from 
sources  too  numerous  to  cite,  but  all  believed  to  be  authentic. 

'  This  paper  will  appear  in  an  extended  form,  in  the  Proceedings  ol  the  New  York 
State  Dairymen's  Association  for  1888. 
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DIFFERENT 
DAIRY  PRODUCTS. 

(Composition  and  value  per  100  pounds.^ 


2 

? 

•3 

a 

"O 

<o 

A 

Oi 

o 

u 

85 

r- 

S  " 


-< 


+  \ 

u      a> 

2  „  3 

V  V  es 

.2.2-3 
aip4 


Chemists'  standard  cows'  milk. 
Average  all  kinds  "  "  . 
Galloway  "        "    . 

Bengali  "         "    . 

Devon  "        "    . 
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Notes  upon  the  Table:— a,  rate  of  7  cts.  per  quart.;  b,  6  cts.  per  quart;  o,  Sets, 
per  quart;  d,  5  cts.  per  qt.;  e,  4  cts.  per  qt. 
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The  value  of  butter  is  greatly  increased  by  containing  protein  which  is  the  trouble- 
some ingredient,  hence,  although  that  butter  is  best  which  has  the  least  protein,  the 
value  assigned  the  latter  makes  the  poorest  butter  staud  highest  la  nutrient  value  in 
the  table. 

Excepting  butter  and  cream,  all  milk  and  milk  products  generally  sell  in  market  at 
prices  below  their  values  as  measured  upon  the  assumed  standard,  and  compare  favor- 
ably with  the  other  common  articles  of  food,  as  given  In  the  table  first  mentioned 
above. 

An  interesting  feature  is  the  difference  in  value,  because  of  difference  in  average 
composition,  of  the  milk  from  the  vai'ious  pure  breeds  of  cows;  milk  as  a  rule  sells  in 
market  with  some  regard  to  its  "  richness,"  but  very  little  as  to  its  origin.  The  table 
shows  that  the  milk  of  certain  breeds  sells  for  less  than  its  value,  and  the  milk  of  other 
breeds  is  worth  less  than  the  usual  selling  price.  As  a  single  example,— the  milk  of 
Jersey  cows,  even  when  sold  at  eight  cents  per  quart,  is  as  much  below  its  value,  or 
in  other  words,  is  as  cheap  food,  as  average  milk  sold  at  six  cents  per  quart. 


The  testimony  of  statistics  as  to  the  share  of  labor  and  produc- 
tion.   By  Prof.  Edmund  J.  James,  Univ.  Penn.,  Philadelphia,  Pa. 


Wealth  of  the  republic.    By  Charles  S.  Hill,  Washington,  D.  C. 


On  the  rates  of  intekest  realized  to  investors  in  the  bonded  se- 
curities OF  THE  U.  S.  Government.  By  E.  B.  Elliott,  Washing- 
ton, D.  C. 


The  increase  of  blindness  in  the  United  Statks.    By  Lucien  Howe, 
M.D.,  Buffalo,  N.  Y. 


Methods  and  results  of  manual  training.     By  Prof.  C.  M.  Wood- 
ward, Washington  Univ.,  St.  Louis,  Mo. 
[The  substance  of  this  paper  will  be  included  in  a  book  to  be  published 
by  D.  C.  Heath  &  Co.] 

Manual  training  in  the  public  schools,  from  an  economic  point  of 
VIEW.    By  Prof.  E.  J.  James,  Univ.  Penn.,  Philadelphia,  Pa. 


The  Chinese  question  from  the  Chinese  standpoint.     By  Yan  Phou 
Lee,  New  Haven,  Conn. 


EXECUTIVE   PROCEEDINGS. 


REPORT  OF  THE  GENERAL  SECRETARY. 


Gkneral  Sessions  of  the  Thirty-sixth  Meeting  ok  the  Association 
HELD  AT  Columbia  College,  New  Youk,  August  10  to  16,  1887. 

Wednesday  Morning,  August  10. 

The  first  General  Session  was  held  in  the  great  hall  of  the  library  of 
Columbia  College.  President  Morse  took  the  chair  at  10  a.  m.,  and 
called  upon  Rt.  Reverend  Henry  C.  Potter,  Bishop  of  New  York,  to  open 
the  session  with  prayer. 

The  prayer  offered  by  Bishop  Potter  was  as  follows  : — 
Almighty  and  ever-living  God,  who  art  always  more  ready  to  hear  than 
we  are  to  pray,  and  who  art  wont  to  give  to  us  more  than  we  can  desire  or 
deserve,  we  come  this  morning  to  ask  Thy  blessing  upon  this  assemblage, 
and  to  commend  to  Thy  fatherly  care  and  guidance  all  those  who  are  here 
gathered  together.  We  tliank  Thee  for  the  revelation  of  Thyself  which 
Thou  hast  made  in  nature,  and  for  all  the  gifts  and  powers  with  which 
Thou  hast  crowned  Thy  creature,  man.  Thou  hast  taught  us  in  Thy  holy 
Word,  "Seek  and  ye  shall  find,  knock  and  it  shall  be  opened  to  you,"  and 
as,  over  against  the  unsatisfied  hunger  of  man  for  light  and  knowledge. 
Thou  hast  placed  Thy  wondrous  universe  with  all  its  stores  of  hidden 
light,  we  bless  Thee  for  all  the  rewards  which  Thou  hast  given  to  those 
who,  patiently  turning  over  the  pages  of  the  book  of  the  created,  have 
been  privileged  to  read  in  it  the  laws  of  never-resting  progress  and  de- 
velopment which  Thou  hast  written  there.  Help  us  to  welcome  Thy 
truth,  however  it  may  come  to  us  and  In  whatsoever  volume  it  may  be 
written.  Save  us  from  being  afraid  of  it,  but  rather  teach  us  to  be  con- 
fident that  as  Thou  art  Truth,  so  all  truth  is  one  with  Thee,  and  give  to 
us  who  are  seekers  after  truth  a  larger  vision  of  it  and  a  more  deep  and 
enduring  hunger  to  know  it,  that  so,  seeking  in  Thy  fear  to  bring  light 
out  of  darkness,  and  to  turn  Ignorance  Into  knowledge,  we  may  each  one 
help  to  hasten  the  day  when  light  and  knowledge  shall  everywhere  prevail. 
May  we  love  the  truth  for  its  own  sake,  rather  than  for  what  It  can  earn 
or  win  In  any  merely  material  currency,  and  grant  that  the  members  of 
this  association  may  employ  their  powers  for  noble  and  unselfish  ends, 
so  lightening  the  toll,  and  sharing  the  burdens,  and  clearing  the  pathway 
of  their  fellowraen. 
Bless,  we  beseech  Thee,  all  institutions  of  learning  which  are  repre- 
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sented  here,  and  all  others  throughout  the  land.  Give  to  those  to  whom 
Thou  hast  given  the  dignity  and  privilege  of  being  teachers,  patience,  cour- 
age and  wisdom.  And,  out  of  all  our  labors  and  studies  here,  grant  that 
there  may  come,  O  God,  the  vision  of  Thyself  that  so,  in  Thy  light  we 
may  see  light,  that  all  our  children  may  be  taught  of  the  Lord  and  that 
great  may  be  the  peace  of  our  children.  And  all  this  we  ask  in  the  name 
of  Him  who  has  taught  us  when  we  pray  to  say 

Our  Father  which  art  in  heaven,  hallowed  be  Thy  name.  Thy  kingdom 
come.  Thy  will  be  done  in  earth  as  it  is  in  heaven.  Give  us  this  day  our 
daily  bread.  And  forgive  us  our  debts  as  we  forgive  our  debtors.  And 
lead  us  not  into  temptation,  but  deliver  us  from  evil :  for  thine  is  the  king- 
dom and  the  power  and  the  glory,  for  ever.     Amen. 

In  a  few  fitting  words  the  Retiring  President  then  resigned  the  chair 
to  his  successor,  Professor  Samuel  P.  Langley.  President  Langley 
spoke  briefly  in  reply  to  President  Morse's  introduction,  and  then  gave 
way  to  Rev.  Dr.  F.  A.  P.  Barnard,  President  of  Columbia  College,  who, 
as  Cliairman  of  the  Local  Committee,  welcomed  the  Association  to  New 
York  as  follows : 

Mr.  President  and  Members  of  the  American  Association  for  the  Advance- 
ment of  Science :  It  is  made  my  pleasant  duty  to  bid  you  welcome  to  the 
city  of  New  York.  This  great  metropolis  opens  wide  to  you  her  hospit- 
able arms,  and  tenders  freely  to  you  all  that  she  possesses  which  can 
awaken  your  interest  or  promote,  during  your  sojourn  with  us,  your  com- 
fort or  your  convenience.  And  she  has  much  to  ofl'er  which  cannot  fail  to 
interest  you,  not  only  as  men  of  science,  but  also  as  men  of  letters,  which 
many  of  jou  are,  or  as  men  of  taste,  men  of  general  culture  or  men  of 
practical  minds.  She  is  prepared  to  throw  open  to  you  without  reserve 
her  vast  commercial  houses,  her  great  manufacturing  establishments,  her 
extensive  foundries,  her  noble  institutions  of  learning,  her  libraries,  her 
scientific  collections,  her  museums  of  art  and  natural  history,  her  banks, 
her  exchanges,  her  temples  of  justice,  her  penal  and  charitable  institutions, 
her  menageries  and  her  churches  —  everything,  in  short,  that  civilization 
has  created  at  this  its  highest  point  of  culmination  upon  the  Western  Con- 
tinent, she  submits  to  your  critical  inspection,  your  careful  study  and 
your  intelligent  appreciation. 

On  the  other  hand,  her  citizens  will  find  in  you  not  only  honored  and  hon- 
orable guests,  but  subjects  of  a  reciprocal  interest  and  curiosity.  The 
names  of  many  of  you  are  already  and  deservedly  well  known  to  them,  but 
it  can  be  said  of  only  comparatively  few  that  your  pei'sons  and  counte- 
nances are  familiar.  It  is  an  entirely  legitimate  as  well  as  natural  curi- 
osity which  leads  men  to  desire  to  look  upon  the  features  of  those  whose 
labors  have  done  honor  to  our  common  humanity.  Our  citizens  will, 
therefore,  throng  your  asseml)lies  with  the  feeling  which  draws  men  to 
any  point  where  superiority  of  whatever  kind,  literary,  political  or  scien- 
tific, is  the  attracting  force;  and  they  will  listen  to  your  words  with  in. 
terested  and  respectful  attention  if  they  do  not  always  understand  them. 

The  noble  object  of  your  organization  is  expressed  In  Its  title  —  the  Ad- 
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vancement  of  Science.  And  during  the  forty  years  of  your  existence  as 
an  organized  body  Science  has  certainly  made  wonderful  advances,  to 
which  you  are  entitled  to  say  with  just  pride  that  no  small  proportion  has 
been  due  to  the  successful  labors  of  your  own  members.  The  names  of 
many  of  those  whom  I  remember  as  most  active  in  our  earlier  meetings, 
but  whom  I  sadly  miss  to-day,  are  already  permanently  recorded  hlgii  up 
on  the  illustrious  roll  of  those  who  have  brigliteued  the  age  in  which  they 
lived  by  achievements  more  honorable  than  tliose  of  the  soldier,  and  more 
lastingly  beneficent  than  even  those  of  the  philanthropic  statesman.  Of 
these,  if  I  instance  here  a  few,  and  but  a  few,  it  is  not  that  I  forget  others 
no  less  worthy,  but  that  the  list  is  too  long  to  permit  me  here  to  eulogize 
them  as  they  deserve. 

It  was  your  first  president,  William  C.  Redfield,  whose  sagacity  earliest 
detected  and  revealed  to  us  the  laws  which  govern  the  great  storms  of 
the  Atlantic  coast,  and  demonstrated  their  cyclonic  character,  thus  stimu- 
lating that  spirit  of  meteorological  investigation  which  has  created  so 
many  local  observatories  and  given  us  at  length  a  central  and  national 
weather  bureau  at  Washington. 

It  was  the  large-minded  Dallas  Bache,  grandson  of  Franklin,  and  in- 
heritor of  his  grandfather's  genius,  who  organized  the  splendid  system  of 
coast  and  topographic  survey  which  has  placed  our  country  in  the  fore- 
front of  the  geodetic  science  of  the  world. 

It  was  the  gifted  Henry  who  gave  us  the  intensity  magnet  which  has 
woven  over  our  continent  a  network  of  sensitive  wires,  and  has  enabled 
San  Francisco  to  speak  directly  to  New  York  and  New  York  to  London. 

It  was  the  magnificent  Agassiz,  whose  comprehensive  knowledge  ex- 
tended over  the  entire  field  of  science,  who  taught  us  the  laws  of  glacial 
movement,  and  from  a  single  scale  could  reconstruct  the  entire  fish  that 
wore  it  and  assign  it  its  place  among  extinct  or  living  species;  but  who, 
amidst  all  his  greatness,  esteemed  it  his  hlgliest  glory  to  write  himself 
simply  Louis  Agassiz,  teacher. 

It  was  the  profound  Peirce  who,  at  one  of  your  meetings,  by  the  subtle 
instrument  of  analysis,  made  clear  the  physical  constitution  of  the  rings 
of  Saturn. 

It  was  the  beloved  Torrey  whose  knowledge,  like  that  of  Solomon,  ex- 
tended to  every  living  plant,  from  the  majestic  cedar  of  Lebanon  to  the 
hyssop  that  grows  upon  the  wall,  and  whose  tireless  and  fruitful  inves- 
tigation gave  us  an  exhaustive  history  of  the  "Flora  of  North  America." 

If  time  would  allow  me  to  extend  these  reminiscences,  it  would  remind 
you  that  it  was  your  Gilllss  who  created  our  National  Observatory,  your 
Davis  who  founded  the  American  Nautical  Epliemeris,  your  Mitchell  who 
left  so  brilliant  a  mark  upon  American  astronomy,  your  Watson  who  gath- 
ered up  a  score  or  more  of  eccentric  celestial  stragglers,  tlie  anomalous 
group  of  so-called  planetoids;  your  Hare  who  began  that  course  of  elec- 
trical Investigation  which  Faraday,  and  Henry  later  carried  out,  who  in- 
vented the  calorimeter  and  the  deflagrator,  and  gave  us  the  oxy-hydrogen 
blowpipe,  a  source  of  heat  which  enabled  the  French  chemists  later  to  fuse 
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into  a  single  gigantic  ingot  a  mass  of  platinum  weigliing  not  less  than  a 
quarter  of  a  ton. 

Nor  should  I  pass  in  silence  the  versatile  Sllliman,  the  omniscient 
Rogers,  the  astute  Caswell,  nor  Hitchcock  the  palaeontologist  and  dis- 
coverer of  the  giant  ornithichnites  of  the  Connecticut  River  sandstones, 
nor  Lea  the  naturalist,  nor  Guyot  the  famous  orographer,  nor  Chauvenet 
the  mathematician  and  astronomer,  nor  Lawrence  Smith  the  mineralogist, 
nor  Wyman  the  biologist  and  physiologist,  nor  a  host  of  others  no  less 
worthy,  whom  time  forbids  even  to  name. 

All  these  have  gone  to  their  rest,  many  of  them  full  of  years,  all  of  them 
full  of  honors.  Others  have  risen  to  fill  their  places,  no  less  earnest,  no 
less  capable,  and  destined  to  be  no  less  illustrious.  I  do  not  name  them 
because  their  work  is  not  yet  done ;  and  because  no  blazonry  of  mine  is 
necessary  to  exalt  a  fame  which  its  own  inherent  force  is  sure  to  carry  to 
the  remotest  limits  of  civilization.  Many  of  these  are  present  here  to-day, 
and  to  them  and  to  you  all  I  extend,  in  the  name  of  the  citizens  of  New 
York,  a  sincere  and  cordial  welcome. 

On  behalf  of  Columbia  College  permit  me  to  add  a  single  word.  Though 
the  National  Academy  of  Sciences  has,  on  several  occasions,  honored  us 
by  its  presence  here,  this  is  the  first  time  that  it  has  been  our  privilege  to 
receive  your  more  con)prehensive  and  more  popular  body  within  our  halls. 
It  is  with  unfeigned  gratification  that  we  oflTer  to  you  all  the  resources  at 
our  disposal  to  facilitate  your  proceedings  and  to  aid  you  in  the  prosecu- 
tion of  your  objects.  Our  scientific  collections  which  are  quite  worthy 
of  your  attention;  our  library  which  you  see  around  you;  our  museums, 
our  laboratories  and  our  lecture  halls,  are  at  your  service.  If  there  is  any- 
thing which  we  have  overlooked  by  which  we  may  be  able  further  to  con- 
tribute to  your  convenience,  you  have  only  to  mention  it  and  it  shall 
receive  our  prompt  attention.  In  the  name  of  the  trustees  of  Columbia 
College  and  of  the  several  faculties,  I  extend  to  you  a  warm  and  heartfelt 
welcome. 

President  Langley,  for  the  Association,  in  replying,  observed  that  the 
speaker  had  overlooked  one  of  the  most  honored  among  the  past  presi- 
dents of  the  Association,  and  asked  leave  to  supply  the  omission  with  the 
name  of  Dr.  Barnard  himself,  after  which  he  went  on  to  express  briefly 
the  acknowledgments  of  the  Association  to  the  city  and  to  those  who  had 
done  so  much  to  make  its  kindness  eflective. 

Pkesident  Langley  then  addressed  the  Association  as  follows : 
Members  of  the  Association : — While,  for  the  main  purpose  of  our  being 
here,  we  are  all  of  one  mind,  some  must  remember  a  peculiar  pleasure 
in  their  first  attendance,  when  they  came  to  these  meetings  as  solitary 
workers  in  some  subject  for  which  they  had  met  at  home  only  iudiflerence, 
and  held  themselves  alone  in,  till  here,  with  glad  surprise,  they  met 
others,  too,  caring  for  what  they  cared  for,  and  found  among  strangers 
a  truer  fellowship  of  spirit  than  their  own  familiar  friends  had  afl'orded. 
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With  such  communities  of  purpose,  wherever  two  or  three  among  us  are 
gathered  together,  it  is  a  happy  thing  that  we  cannot  remain  strangers ; 
for,  doubtless,  of  the  many  here  who  have  habitually  breathed  "the  calm 
and  still  air  of  delightful  studies,"  there  are  few  but  know  by  experience 
how  hard  it  is  for  one  coal  to  lieep  alight  alone,  and  how  especially  good 
it  is  for  the  solitary  workers  to  be  brought  at  times  into  the  warmth  of 
companionship,  so  that,  to  a  great  many  of  us,  it  may  be  counted  as  the 
very  chiefest  good  of  such  an  assembly  as  ours  to-day,  that  here  each 
meets  some  one  with  a  kindred  glow,  and  finds  that  interest  and  sym- 
pathy from  his  co-worker  witliout  which  the  scientific  life  would  be  but 
too  cold. 

It  is  most  fortunate,  nevertheless,  that  our  happy  constitution,  as  a 
body  not  only  of  investigators  in  science,  but  of  teachers  and  lovers  of 
knowledge,  brings  those  here  in  greatest  numbers  who  disseminate  as 
well  as  produce  it,  and  who  are  skilled  to  recognize  the  value  of  the 
newly  mined  product  when  brought  into  this  public  exchange  of  ideas. 
We  must  admit  here,  too,  that  foolish  ideas  as  well  as  wise  ones  are  brought 
to  this  open  mart,  and  that,  in  dealing  with  the  variety  of  papers  now 
presented  for  acceptance,  it  becomes  almost  as  hard  a  task  for  us  to  shut 
out  folly  as  to  entertain  wisdom ;  for,  after  all,  who  are  we  that  judge, 
and  how  can  we  say  "  wisdom  is  in  us  to  decide,"  when  it  is  chiefly  be- 
cause we  are  ignorant  that  we  are  here?  Probably  the  only  rule  is  that 
taught  by  experience,  that  since  art  is  long  and  life  short,  experience  dif- 
ficult and  judgment  uncertain,  knowledge  commonly  advances  best  by  such 
little  steps,  that  one  foot  is  not  lifted  till  the  other  is  securely  planted 
on  the  solid  ground  of  fact,  and  on  the  whole,  then,  while  we  agree  that 
some  rare  visitors  have  come  to  us  by  the  "high  priori  road,"  do  not 
let  us  welcome  without  scrutiny  all  those  who  would  walk  over  it  into 
this  Association's  domain.  At  the  same  time,  in  view  of  our  ignorance  as 
to  the  real  nature  and  causes  of  things,  I  would  plead  with  those  of  you 
who  are  judges,  for  a  large  tolerance,  even  of  what  seem  to  be  errors  of 
speculation,  when  these  are  found  in  company  with  evidence  of  a  faithful 
original  study  of  facts ;  for  we  shall  then  have,  at  any  rate,  done  our  best 
not  to  turn  away  truth,  even  if  slie  has  come  to  us  in  an  unfamiliar  dress. 

And  now  I  can  only  congratulate  this  assembly  of  her  followers  on  a 
meeting  which  opens  so  auspiciously,  and  express  the  hope,  tliat  whether 
in  the  new  knowledge  which  we  may  take  to  the  section-room,  or  find  there, 
or  in  the  social  pleasures  the  gathering  brings,  tljis  may  fulfil  its  large 
opening  promise  of  being  a  fruitful  and  happy  season  to  us  and  to  our 
Association. 

The  Genkkal  Skckktary  announced  the  election  by  the  Standing  Com- 
MiTTEK  of  227  new  members  since  the  adjournment  of  the  Buffalo  njeeting. 
He  also  reported  that  the  titles  of  nearly  200  papers  had  been  received, 
several  of  which,  being  unaccompanied  by  abstracts,  had  not  been  referred 
to  the  sections. 

After  a  few  announcements  by  the  Permanent  Secretauv,  and  by  the 
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Local  Secretary,  relatin<2;  to  details  of  the  meeting,  the  Association  pro- 
ceeded to  the  election  of  a  Vice  President  for  Section  A,  in  place  of  Mr. 
Wm.  Fekrel,  who  was  unable  to  be  present.  The  election  resulted  in  the 
choice  of  Professor  J.  K.  Eastman,  of  Washington,  who  had  been  pre- 
viously nominated  by  the  Standing  Committee. 

The  Association  then  proceeded  to  the  consideration  of  several  proposed 
amendments  to  the  Constitution,  and  the  following  were  adopted  : 

1.  The  word  Council  was  substituted  for  the  words  "  Standing  Com- 
mittee "  throughout  the  Constitution. 

2.  The  words  Secretary  of  the  Council  were  substituted  for  the  words 
"  Assistant  General  Secretary  "  throughout  the  Constitution. 

3.  The  last  clause  of  Article  12  was  struck  out. 
-  4.     Article  13  was  amended  to  read  as  follows : 

The  Secretary  of  the  Council  shall  keep  the  records  of  the  Council.  He 
shall  give  to  the  Secretary  of  each  Section  the  titles  of  papers  assigned  to 
it  by  the  Council.  He  shall  receive  proposals  for  membership  and  bring 
them  before  the  Council. 

6.     In  Article  36  the  last  clause  was  amended  to  read  as  follows  : 

All  money  thus  received  shall  be  invested  as  a  permanent  fund,  the  in- 
come of  which,  during  the  life  of  the  member,  shall  form  a  part  of  the  gen- 
eral fund  of  the  Association;  but,  after  his  death,  sliall  be  used  only  to 
assist  in  original  research,  unless  otherwise  directed  by  unanimous  vote  of 
the  Council. 

The  proposition  to  amend  Article  9,  line  7,  by  substituting  the  word 
Secretaries  for  the  words  "  Permanent  Secretary"  was  rejected. 

The  Permanent  Secretary  expressed  the  hope  that  one  result  of  the 
adoption  of  the  amendment  to  Article  36  would  be  a  large  increase  in  the 
number  of  life  members. 

[The  Constitution  as  amended  is  printed  in  the  first  part  of  this  volume.] 

The  Permanent  Secretary  announced  that  notices  of  the  death  of  the 
following  members  had  been  received  since  the  Buffalo  meeting. 
Wm.  Ashburner,  San  Francisco,  Cal.  (29).     Died  April  20,  1887. 
Daniel  A.  Bassett,  Los  Angeles,  Cal.  (29).     Born  Dec.  8,  1819.    Died 

May  26,  1887. 
Herbert  A.  Bayne,  Kingston,  Out.,  Can.  (29).     Died  in  Aug.,  1886. 
J.  Watson  Beach,  Hartford,  Conn.   (23).     Born  Dec.  28,  1823.     Died 

March  16,  1887. 
Margaretta  Bowles,  Columbia,  Tenn.  (26).     Died  in  July,  1887. 
Pliny  E.  Chase,  Haverford  College,  Pa.  (18). 
Patrick  Clark,  Rahway,  N.  J.  (33),     Died  March  5,  1887. 
Frederick  Cole,  Montreal,  Can.  (31).     Died  in  1887. 
H.  W.  Davenport,  Washington,  D.  C.  (30). 
Jos.  C.  Delano,  New  Bedford,  Mass.  (5).     Born  Jan.  9,  1796.      Died 

Oct.  16,  1886. 
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Jamrs  Bucfianan  Eads,  New  York  (27).      Born  May  23,  1820.     Died 

March  8,  1887. 
Louis  Habp:l,  Northfield,  Vt.  (34). 

B.  F.  Hakrisox,  Wallingford,  Coaii.  (11).     Died  April  23,  1886. 
Wm.  B.  Hazex,  Wasliington,  D.  C.  (30).     Born  Sept.  27,  1830.     Died 

January  16,  1887. 
Jamks  a.  Kikkpatrick,  Pliiladelphia,  Pa.  (7).     Died  June  3,  1886. 
Joseph  Libbey,  Georgetown,  D.  C.  (31).     Died  July  20,  1886. 
Edw.   p.  Lull,  Washington,  D.  C.  (28).     Born  Feb.  20,  1836.    Died 

Mar.  5,  1887. 
J.  S.  McLachlan,  Montreal,  Canada  (31). 
Gko.  L.  Marlek,  Montreal,  Canada  (31). 

Bernard  Pkuch,  Frankford,  Pa.  (35).     Died  in  1887,  aged  37. 
Thomas  F.  Rochester,  Buffalo,  N.  Y.  (35;.     Died  May  23,  1887. 
F.  A.  RoEDER,  Cincinnati,  Ohio  (30). 

Joel  Dorman  Steele,  Elmira,  N.  Y.  (33).     Died  May  25,  1886. 
H.  H.  Straight,  Chicago,  111.  (25).     Died  Nov.  17,  1886. 
J.  R.  Walker,  Bay  Saint  Louis,  Miss.  (19).    Born  Aug.  7,  1830.    Died 

June  22,  1887. 
Carl  Waknrcke,  Montreal,  Canada  (31).    Died  May  14,  1886. 
Haukison  Wright,  Wilkesbarre,  Pa.  (29).    Born  July  15,  1850.    Died 

Feb.  20,  1885. 
Edw.  L.  Youmans,  New  York,  N.  Y.  (6).     Born  June  3,  1821.    Died 

Jan.  18,  1887. 
The  General  Session  then  adjourned. 

Wednesday  Evening,  August  10. 

The  second  General  Session  of  the  Association  was  held  in  the  Library 
Hall,  Wednesday  evening  at  8  o'clock,  President  Langley  in  the  chair. 
The  only  business  was  the  delivery  of  the  usual  annual  address  by  the  re- 
tiring President,  Professor  Edward  S.  Morse  [which  is  printed  in  full  in 
this  volume]. 

At  this  session  a  communication  was  received  from  Mr.  H.  F.  J.  Por- 
ter to  the  effect  that  the  museums  of  the  School  of  Mines  would  be  thrown 
open  to  the  members  of  the  Association  immediately  after  the  adjourn- 
ment of  the  session  and  every  day  during  the  meeting  between  the  hours 
of  12  and  2  p.  m. 

Tuesday  Morning,  August  16. 

The  third  General  Session  was  held  in  the  Library  Hall,  Tuesday 
morning  at  10  o'clock.  President  Langley  in  the  chair. 

The  General  Secretary  announced  from  the  Nominating  Committkk 
the  following  list  of  officers  nominated  for  the  next  meeting  of  the  Asso- 
ciation and,  in  accordance  with  a  unanimous  vote  of  the  Association,  cast 
a  single  ballot  for  the  entire  list,  who  were  thereupon  declared  duly 
elected  as  follows : — 


346  EXECUTIVE   PROCEEDINGS. 

PBESIDENT. 

J.  "W.  Powell  of  "Washington. 

VICE  PEESIDENTS. 

A.  Mathematics  and  Astronomy— Ormond  Stone  of  University  of 

Virginia. 

B.  Physics — A.  A.  Michelson  ofi  Cleveland. 

C.  Chemistry— C.  E.  Munrok  of  Newport. 

D.  Mechanical  Science — Calvin  M.  Woodward  of  St.  Louis. 

E.  Geology  and  Geography— George  H.  Cook  of  New  Brunswick. 

F.  Biology— C.  V.  Riley  of  Washington. 

H.  Anthropology— C.  C.  Abbott  of  Trenton. 

I.  Economic  Science  and  Statistics— C.  W.  Smiley  of  Washington. 

PERMANENT  SECRETARY. 

F.  W.  Putnam  of  Cambridge  (office  Salem,  Mass.). 

GENERAL  SECRETARY. 

J.  C.  Arthur  of  La  Fayette. 

SECRETARY  OP  THE  COUNCIL. 

C.  Leo  Mees  of  Athens. 

SECRETARIES  OP  THE  SECTIONS. 

A.  Mathematics  and  Astronomy— C.  L.  Doolittle  of  Bethlehem. 

B.  Physics — A.  L.  Kimball  of  Baltimore. 

C.  Chemistry— William  L.  Dudley  of  Nashville. 

D.  Mechanical  Science— Arthur  Bbardsley  of  Swarthmore. 

E.  Geology  and  Geography— George  H.  Williams  of  Baltimore. 
P.  Biology— N.  L.  Britton  of  New  York. 

H.  Anthropology— Frank  Baker  of  Washington. 

I.  Economic  Science  and  Statistics— Chas.  S.  Hill  of  Washington. 

TREASURER. 
William  Lilly  of  Mauch  Chunk. 


The  recommendation  of  the  Nominating  Committee  that  the  next  meet- 
ing be  held  in  Cleveland,  Ohio,  beginning  on  the  fourth  Wednesday  of 
August,  was  approved  by  the  Association. 
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The  list  of  fellows,  seventy-eight  in  number,  that  had  been  elected  by 
the  Council,  was  then  read  by  the  General  Skcketary,  as  follows : — 


FELLOWS  ELECTED. 


Allen,  T.  F. 
Babbitt,  Miss  Franc  E. 
Bailey,  L.  H.,  Jr. 
Barus,  Carl. 
Bates,  H.  H. 
Benjamin,  Marcus. 
Benjamin,  Raphael. 
Brace,  Dewitt  B. 
Britton,  Mrs.  N.  L. 
Campbell,  Edward  D. 
Chester,  Frederick  D. 
Clayton,  H.  Helm. 
Comstock,  George  C. 
Crampton,  Charles  A. 
Culin,  Stewart. 
Day,  D.  F. 
Du  Bois,  Patterson. 
Endemann,  Hermann. 
Fall,  Delos. 
Fernow,  Bemhard  E. 
Fine,  Henry  B. 
Firrastone,  F. 
Flint,  A.  S. 
Fulton,  R.  B. 
Geyer,  Wm.  E. 
Gold,  Theodore  S. 
Harris,  W.  T. 
Hill,  Chas.  S. 
Hlrschfelder,  C.  A. 
Holmes,  Joseph  A. 
Hulst,  G.  D. 
James,  Edmund  J. 
Jastrow,  Joseph. 
JohoHon,  L.  C. 
Lnflamme,  J.  C.  K. 
Lamborn,  U.  Hi 
Leavenworth,  F.  P. 
Libbey,  Wm.,  Jr. 
McLeod,  C.  H. 


Magie,  Wm.  F. 
Meek,  S.  E. 
Merrill,  F.  J.  H. 
Metcalf,  Wm. 
Moore,  Robert. 
Morong,  T. 
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The  General  Secretary  then  presented  a  communication  from  the 
Council  respecting  the  reports  of  special  committees,  and  action  was  taken 
as  follows : — 

1.  Committee  on  the  Begistration  of  Deaths,  Births  and  Marriages.  This 
Committee  had  made  a  brief  report  and  was  continued,  and  J.  S.  Newberry 
of  New  York  was  added  to  the  Committee. 

2.  Committee  on  Stellar  Magnitudes.  This  Committee  had  presented  no 
report  to  the  Council,  but  after  explanation  by  Professor  Ormond  Stone, 
it  was  voted  to  continue  the  Committee. 

3.  Committee  on  International  Scientific  Congress.  This  Committee  had 
made  no  report  and  was  discontinued. 

4.  Committee  on  Indexing  Chemical  Literature.  The  report  of  this  Com- 
mittee had  been  received  and  had  been  read  in  Section  C.  The  Committee 
was  continued. 

6.  Committee  on  International  Congress  of  Geologists.  The  report  of 
this  Committee  had  been  received  and  discussed  in  Section  E.  The  Com- 
mittee was  continued. 

6.  Committee  on  Anatomical  Nomenclature.  The  report  of  this  Com- 
mittee had  been  received  and  placed  on  file.  The  Committee  was  contin- 
ued. 

7.  Committee  on  Transportation  of  Specimens  through  the  Mails.  No 
report  had  been  received  from  this  Committee  and  it  was  discontinued. 

8.  Committee  on  Physics  Teaching.  This  Committee  had  made  a  report 
of  progress  and  of  plans  for  the  future  and  it  was  continued. 

The  General  Secretary  then  presented  several  resolutions  that  had 
been  approved  by  the  Council,  and  they  were  adopted  by  the  Association 
as  follows  :— 

1.  Besohition  relating  to  the  Coast  and  Geodetic  Survey. 

Whereas,  it  has  been  generally  understood  that  the  present  superintend- 
ent of  the  United  States  Coast  and  Geodetic  Survey  was  only  appointed 
to  act  temporarily  in  that  capacity,  and  that  it  was  the  intention  of  the 
President  of  the  United  States  to  appoint,  ultimately,  to  this  important  of- 
fice some  one,  who,  while  his  integrity  and  executive  ability  shall  com- 
mand the  confidence  of  the  Executive  and  of  Congress,  shall  be  qualified 
by  his  previous  training  in,  and  his  familiarity  with,  scientific  methods  to 
direct  its  scientific  work ;  therefore 

Besolved,  that  it  is  respectfully  urged  upon  the  President  by  the  Associ- 
ation, that  his  early  action  in  making  such  an  appointment  would  not  only 
gratify  scientific  men,  both  at  home  and  abroad,  but  would  conduce  greatly 
to  that  true  economy  in  the  administration  of  a  scientific  work,  which  is 
based  upon  a  full  comprehension  of  its  methods  and  processes  on  the  part 
of  its  superintendent. 

2.  Besolution  relating  to  the  Establishment  of  a  Bureau  of  Standards. 
Besolved,  that  in  view  of  the  rapid  increase  in  the  applications  of  elec- 
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trlcity  in  ordinary  affairs,  its  probable  extensive  use  as  a  source  of  power, 
light,  etc.,  in  the  near  future,  and  the  consequent  importance  of  providing 
means  for  its  accurate  measurement,  this  Association  respectfully  urges  up- 
on Congress  the  importance  of  the  establishment  of  a  Bureau  of  Standards, 
by  which  accurate  standards  of  measure  shall  be  constructed  and  estab- 
lished not  only  for  electricity,  but  for  heat,  light,  etc.,  and  aiTangements 
made  for  tlie  issue  of  authenticated  copies  of  the  same  whenever  possible. 

3.  Resolution  relating  to  Index  of  Literature  of  Meteorology. 
Resolved,  that  the  American  Association  for  the  Advancement  of  Science 

recognizes  the  great  prospective  value  to  both  practical  and  scientific  men 
of  the  publication  by  the  Government  of  the  Index  to  the  Literature  of 
Meteorology  now  prepared  by  the  Chief  Signal  Officer,  and  assures  him  of 
the  hearty  indorsement  of  any  action  he  may  take  looking  to  this  end. 

4.  Resolution  relating  to  the  Preservation  of  Archceologic  Monuments. 
Resolved,  that  this  Association  appoint  a  special  committee  consisting 

of  Miss  Aliok  C.  Fletcher,  and  Mrs.  T.  Stevenson  to  memorialize  Con- 
gress to  take  the  necessary  steps  for  the  preservation  of  archaeologic 
monuments  on  the  public  lands  of  the  United  States. 

6.     Resolution  relating  to  Tariff  on  Scientific  Books  and  Apparatus. 

Resolved,  that  the  President  of  the  Association  appoint  a  committee  to 
devise  methods  for  obtaining  from  Congress  a  reduction  of  the  tariff  on 
scientific  books  and  apparatus,  with  power  to  act. 

The  Committee  appointed  l)y  President  Langley  under  the  foregoing 
resolution  consists  of  Professor  E.  D.  Cope,  Professor  J.  R.  Eastman 
and  Dr.  J.  S.  Billings. 

6.  Resolution  relating  to  Appointment  of  Transportation  Agent. 
Resolved,  that  Mr.  P.  H.  Dudley  of  New  York  be  requested  to  act 

as  an  Ageut  of  Transportation  for  the  Association,  with  full  power  to  make 
such  arrangements  as  may  be  possible,  in  connection  with  the  Local  Com- 
mittees of  future  meetings,  for  the  transportation  of  members  of  the  As- 
sociation to  and  from  the  places  of  meeting. 

7.  Resolution  relating  to  Appointment  of  Agent  to  take  Copies  of  Resolu- 
tions to   Washington. 

Resolved,  that  the  President  of  the  Association  have  power  to  appoint 
a  member,  as  delegate,  to  take  to  Washington  and  deliver  to  the  President 
of  the  United  States,  and  to  the  proper  oflicers  of  Congress,  copies  of  the 
resolutions  relating  to  the  Coast  Survey  and  to  the  proposed  Bureau  of 
Standards  (Nos.  1  and  2  above). 

[President  Langley  subsequently  appointed  for  this  service  Prof.  T.  C. 
Menuenhall  of  Terre  Haute.] 

The  Permanent  Secketauy  announced  that  he  had  received  letters  in 
relation  to  the  desirability  and  feasibility  of  holding  some  future  meeting 
In  the  city  of  San  Francisco;  and  also  that,  since  the  action  of  the  Nom- 
inating Committee  in  selecting  Cleveland  for  the  next  place  of  meeting, 
an  invitation  for  1888  had  reached  his  hands  from  Toronto. 
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After  an  announcement  from  the  Local  Committee  relating  to  the  re- 
ception in  the  evening,  the  General  Session  adjourned. 

Tuesday  Evening,  August  16. 

The  closing  General  Session  was  held  Tuesday  evening  in  the  Library 
Hall  at  eight  o'clock,  President  Langley  in  the  chair. 

The  Permanent  Secretary  read  a  communication  from  Mrs.  Sara  L. 
Saunders,  relative  to  a  proposed  memorial  to  the  late  Mrs.  Erminnie  A. 
Smith,  Secretary  of  Section  H  for  the  Ann  Arbor  Meeting. 

The  General  Secretary  presented  the  following  resolution  from  the 
Council,  and  it  was  adopted. 

Besolved,  that  the  American  Association  for  the  Advancement  of  Sci- 
ence approves  and  endorses  the  movement  to  erect  in  New  Yorli  City  a 
suitable  monument  over  the  remains  of  J.  J.  Audubon,  the  ornithologist. 

The  General  Secretary  presented  the  following  resolution,  and  it  was 
adopted : 

Besolved,  that  the  thanks  of  the  Association  be  returned  by  the  Perma- 
nent Secretary  to  the  Mayor  of  tlie  city  of  Toronto,  the  Canadian  Institute, 
the  University  of  Toronto,  and  University  College,  for  the  invitation  to 
hold  the  meeting  of  the  Association  in  Toronto  next  year;  that  the  Asso- 
ciation regrets  that  other  arrangements  had  been  completed  previous  to 
the  arrival  of  the  invitation,  and  hopes  that  it  may  be  able  to  accept  the 
courtesies  of  the  city  of  Toronto  in  some  future  year. 

The  General  Secretary  read  the  following  I'esolution  proposed  by  a 
Special  Committee  of  the  Council: 

Besolved,  that  in  view  of  the  very  cordial  welcome  which  this  Associa- 
tion has  received  at  its  first  but  long  contemplated  meeting  in  the  city  of 
New  York,  its  warmest  thanks  are  due  and  are  hereby  tendered  as  fol- 
lows : — 

To  the  Trustees  of  Columbia  College  for  generously  placing  their 
buildings  and  apparatus  at  the  service  of  the  Association  during  the  week 
of  the  meeting. 

To  Rev.  Dr.  F.  A.  P.  Barnard  for  promptly  and  cordially  assuming  at 
short  notice  the  onerous  duties  of  Chairman  of  the  Local  Committee,  and 
for  his  able  and  courteous  welcome  to  the  Association  at  the  opening 
session. 

To  the  Committee  appointed  by  the  New  York  Academy  of  Sci- 
ences for  its  tireless  eflbrts  and  efficient  cooperation  with  the  Local  Com- 
mittee, to  ensure  the  success  of  this  meeting  of  the  Association. 

To  Mr.  H.  F.  J.  Porter,  General  Superintendent  of  Columbia  College, 
for  the  completeness  of  his  arrangements  for  the  comfort  and  accommoda- 
tion of  the  Association  in  all  branches  of  its  work. 

To  the  ToRREY  Botanical  Club,  to  whose  unceasing  efforts  the  Asso- 
ciation is  so  much  Indebted  for  the  social  as  well  as  the  scientific  success 
of  the  meeting. 
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To  the  CoLLKGE  OF  THE  CiTY  OF  New  York  for  the  liberal  offer  of  the 
ase  of  Its  buildings. 

To  Professor  H.  L.  Fairchild,  Secretary  of  the  Local  Committee,  on 
whom  has  devolved  a  large  share  of  the  labor  of  preparation  and  execution 
of  tiie  arrangements  for  the  meeting,  and  to  whose  energy  and  executive 
ability  the  success  of  the  meeting  is  so  largely  due. 

To  Professor  D.  S.  Martin,  Mr.  P.  H.  Dudley,  Mr.  Henky  Monktt, 
and  Mr.  E.  B.  Soutuwick,  for  the  arrangements  which  have  resulted  in 
such  pleasant  receptions,  delightful  excursions,  and  facilities  for  trans- 
portation, and  for  free  use  of  the  telegraph. 

To  Mrs.  J.  S.  T.  Stranahan  and  the  Directors  of  the  Union  Ferry 
Co.,  for  the  exceedingly  enjoyable  excursion  In  the  harbor  of  New  York. 

To  Mr.  G.  F.  Ku.nz,  Mr.  L.  P.  Gratacap,  and  their  many  associates  on 
the  Local  Committee  for  their  zeal  in  their  varied  work  and  especially  for 
their  success  in  securing  to  the  Association  so  large  an  accession  of  desir- 
able members. 

To  the  Ladies'  Rkckption  Committer  for  their  many  kindly  courtesies 
during  the  meeting,  and  especially  for  the  reception  to  members  and  their 
families  in  the  Metropolitan  Opera  House. 

To  Honorable  H.  G.  Pearsox,  Postmaster  of  New  York,  for  his  kindness 
in  arranging  tiie  conveniences  of  a  local  post-offlce ;  and  to  Mr.  G.  C. 
Voorhees,  the  assistant  in  charge  of  the  local  post-offlce,  for  his  success- 
ful management  of  the  duties  of  the  position  and  for  unfailing  courtesy 
in  his  dealings  with  the  members  of  the  Association. 

To  the  several  Railroad,  Telegraph,  and  Express  Companies  that 
have  furnished  special  rates  and  accommodations. 

In  support  of  the  foregoing  resolution.  Professor  W.  H.  Brewer  dwelt 
particularly  on  the  favors  shown  by  Columbia  College ;  Professor  F.  W. 
Clarke  recognized  the  service  rendered  by  tiie  Academy  of  Sciences; 
Professor  C.  M.  Woodward  spoke  In  appropriate  terms  of  the  labors  of 
the  Local  Committee ;  Professor  W.  G.  Farlow  called  special  attention  to 
the  efficiency  of  the  work  done  by  the  Torrey  Botanical  Club ;  Dr.  Joseph 
Jastrow  warmly  acknowledged  the  efforts  of  the  ladies  that  had  been 
crowned  with  such  brilliant  success. 

The  resolution  was  adopted  by  an  unanimous  vote. 

The  statistics  of  the  meeting,  prepared  by  the  Permanent  Secretary, 
were  then  read. 

The  Per-manent  Secretary  also  gave  effect  to  a  vote  that  had  previ- 
ously been  passed  by  the  Council,  by  presenting,  in  the  name  of  the  Asso- 
ciation, to  the  efficient  Local  Secretary,  l*rof.  H.  L.  Fairchild,  a  complete 
set  of  the  volumes  of  Proceedings  of  the  Association. 

President  Langley  followed  with  a  few  closing  remarks,  and  the 
meeting  adjourned. 

W.  H.  Pkttee, 

General  Secretary  for  the 
New  York  Meeting. 
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Appendix  to  Report  of  General  Secretary. 

Aside  from  the  regular  and  formal  sessions,  whose  proceedings  are  re- 
corded on  the  preceding  pages,  the  Association  had  opportunity  to  meet  as 
a  body  at  several  receptions  and  excursions. 

Thursday  evening,  the  Ladies'  Committee  tendered  a  general  reception 
to  the  members  of  the  Association  and  their  families  at  the  Metropolitan 
Opera  House. 

Friday  afternoon,  a  water  party  and  reception  were  given  by  Mrs.  J.  S. 
T.  Stuanahan  and  the  Directors  of  the  Union  Ferry  Company.  The 
party  was  taken  on  the  ferryboat  "  Brooklyn"  to  view  the  Upper  Bay,  the 
United  States  Navy  Yard,  Governor's  Island  and  the  Bartholdi  Statue  of 
Liberty.  The  sail  was  extended  through  the  Lower  Bay  as  far  as  the  Iron 
Pier  at  Coney  Island. 

For  Saturday,  two  excursions  were  arranged :  one  by  ocean  steamer  to 
Long  Branch,  the  other  up  the  Hudson  River  to  West  Point.  On  the  river 
excursion,  dinner  was  provided  by  the  Local  Committee  at  Cranston's 
Hotel. 

Monday  evening,  a  special  meeting  of  the  New  York  Academy  of  Sci- 
ences was  held  in  the  Library  Hall,  to  welcome  the  Association.  Pro- 
fessor J.  S.  Newberry  presided  and  exhibited  a  collection  of  interesting 
fossils.  An  appeal  was  made  by  Professor  D.  S.  Martin  for  aid  towards 
ei'ecting  in  New  York  a  suitable  monument  over  the  remains  of  Audubon. 
Professor  Henry  Drummond  of  Glasgow  delivered  a  lecture  on  "  The 
Heart  of  Africa,"  giving  observations  on  a  recent  scientific  tour  to  the  re- 
gion of  the  Zambesi  and  Lake  Tanganyika.  Mr.  G.  F.  Kunz  followed  with 
a  brief  paper  descriptive  of  a  remarkable  collection  of  meteorites  and  pol- 
ished agatized  wood,  which  was  on  exhibition.  At  this  meeting  it  was 
announced  that  Mr.  Erastus  Wiman  of  Staten  Island  had  extended  an  in- 
vitation to  the  Association  to  visit  the  spectacular  performance  of  the  Fall 
of  Babylon  on  Wednesday  evening,  and  had  placed  in  the  hands  of  the 
Local  Secretary  two  hundred  tickets  of  admission  for  the  use  of  members. 
After  the  adjournment  of  the  Academy  a  collation  was  served  in  the  lower 
rooms. 

Tuesday  evening,  after  the  adjournment  of  the  Association,  there  was  a 
general  reception  and  collation  tendered  by  the  Local  Committee. 

During  the  week  of  the  meeting  and  after  the  final  adjournment,  ar- 
rangements were  made  for  several  excursions  and  exhibitions,  to  which 
special  sections  and  parties  of  members  were  invited. 

A  lunch  was  provided  daily  in  the  basement  of  the  Library  building  at 
which  a  variety  of  dishes  were  served  at  a  very  moderate  price. 
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The  long-deferred  experiment  of  holding  a  meeting  of  the  Association 
In  the  city  of  New  Yorli,  in  the  middle  of  August,  has  at  last  been  made, 
and  the  success  of  the  meeting  has  proved  that  the  many  objections 
raised  in  past  years  were  in  large  part  Imaginary,  and  that  the  only  objec- 
tion to  New  York  is  common  to  all  other  cities, —  the  absence  duiing  the 
summer  of  a  large  number  of  citizens  who  would  naturally  take  part  in 
the  arrangements  for  the  meeting  and  attend  the  sessions.  There  are, 
however,  In  every  large  community  a  sufficient  number  of  earnest  men 
and  women  who  are  ready  to  do  all  that  should  be  expected  by  a  visiting 
association,  and  all  that  is  called  for  by  the  demands  of  courtesy  and  hos- 
pitality. 

That  this  was  eminently  the  case  in  New  York  was  at  once  shown  by 
the  hearty  cooperation  of  the  Local  Committee  of  citizens  that  organized 
at  short  notice  and  was  so  earnestly  sustained  by  the  trustees  and  officers 
of  Columbia  College,  by  the  members  of  the  Academy  of  Sciences  and  of 
the  Torrey  Botanical  Club. 

The  report  of  the  General  Secretary  and  the  dally  programmes  must  be 
referred  to  for  particulars  which  bear  witness  of  the  successful  efforts  of 
all  the  sub-committees  of  the  Local  Committee,  each  working  in  its  own 
line  for  the  grand  result  which  was  accomplished. 

That  tiie  good  will  of  the  committee  followed  the  Association,  after  the 
excitement  of  the  meeting  was  over,  is  made  apparent  by  the  following 
letter : 

To  William  Lilly,  Treasurer  of  the  A,  A.  A.  S. 
Drak  Sir  : 

I  have  the  pleasure  of  paying  to  you  the  sum  of  three  hundred  an<J 
three  dollars,  the  amount  of  surplus  In  the  treasury  of  the  New  York  La- 
dles' Committee  for  entertaining  the  American  Association  for  the  Ad- 
vancement of  Science  after  expenses  were  paid.  This  sum  was  unani- 
mously voted  by  the  Ladies  Committee  to  the  General  Society. 

Yours  truly, 
(Signed)  Mrs.  Sylvanus  Reed,  Treasurer 

of  the  Ladies'  Committee. 
New  York,  Nov.  26,  1887. 

Of  similar  import,  and  showing  an  appreciation  of  the  objects  of  the 
Association  Is  the  gift  of  three  hundred  dollars  from  four  gentlemen  In 
Pittsburgh,  In  response  to  Mr.  Brashear's  statement  that  a  little  outside  aid 
would  be  acceptable  to  the  Association.  Such  contributions  as  these,  and 
similar  ones  which  have  occurred  occasionally  In  the  past,  are  certainly 
encouraging  and  lead  to  the  belief  that,  with  a  little  effort,  the  Atssociia* 
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tion  could  be  provided  with  a  fund  from  wliich  a  considerable  sum  could 
be  a|)propriated  annually  in  aid  of  original  research,  or  to  carry  on  spe- 
•cial  investigations  by  committees  acting  under  the  direction  of  the  Asso- 
ciation. 

Since  the  adoption  of  the  present  constitution,  a  small  fund  has  accumu- 
lated, derived  from  the  commutation  of  assessments,  the  income  of  wliich 
can  be  used,  by  vote  of  the  Council,  for  aiding  original  research.  For  the 
first  time  an  appropriation  has  been  made  from  this  fund,  and  the  income 
for  the  past  two  years  was  appropriated  by  vote  of  tlie  Council  at  the  re- 
cent meeting.  Although  the  available  sum  was  small,  a  beginning  in  the 
right  direction  has  thus  been  made.  In  order  to  increase  this  fund  it  is 
urged  that  members  who  can  make  it  convenient  siiould  commute  their 
assessments  by  the  payment  of  fifty  dollars,  the  income  of  which  can  be 
used  for  the  current  expenses  of  the  Association  during  the  life  of  the 
member,  the  principal  eventually  to  be  added  to  the  Research  Fund. 

The  statistics  relating  to  the  New  York  meeting  may  be  briefly  given  as 
follows: — During  the  meeting,  in  addition  to  the  presidential  addi'ess 
and  reports  of  special  committees,  there  were  given,  in  the  eight  sec- 
tions, seven  addresses  by  vice-presidents,  and  two  hundred  and  fifty 
papers.  Of  the  papers,  19  wore  in  section  A,  38  in  B,  42  in  C,  23  in  D  (in- 
cluding four  at  the  union  meeting  of  D  and  I),  47  in  E,  39  in  F,  31  in  H, 
and  11  in  I. 

The  present  volume  contains  the  addresses  of  the  President  and  Vice- 
presidents,  four  special  reports  (one  printed  under  Section  C),  and  more 
or  less  extended  abstracts  of  one  hundred  and  forty-six  papers;  while  one 
hundred  and  four  papers  are  given  by  title  only,  in  most  cases  owing  to 
the  failnre  of  the  authors  to  furnish  the  secretaries  of  the  sections  with 
proper  abstracts  before  the  close  of  the  meeting,  as  now  required. 

Seven  hundred  and  twenty-nine  members  and  associates  were  registered 
during  the  meeting  from  the  following  places  : —  cities  of  New  York  and 
Brooklyn,  211,  other  places  in  New  York  State,  83 ;  Pennsylvania,  63 ;  Wash- 
ington, 54  ;  Massachusetts,  48;  New  Jersey,  43;  Ohio,  37;  Connecticut, 
32;  Michigan,  17;  Illinois,  17;  Maryland,  12;  Missouri,  10;  Indiana,  9; 
Florida,  9;  Canada,  9 ;  Wisconsin,  8;  Nel)raska,  8;  Ten'iessee,  7;  Louisiana, 
6 ;  Virginia,  6 ;  Kansas,  6 ;  Rhode  Island,  4 ;  Kentucky,  4 ;  Alabama,  3 ;  North 
Carolina,  3;  Vermont,  3;  New  Hampshire,  Maine,  Minnesota,  Delaware, 
Mississippi  and  Iowa,  2  each  =  12;  Arkansas,  Georgia,  Dakota,  Califor- 
nia, France,  1  each  =  5 ;  =  729. 

Three  hundred  and  nineteen  members  have  been  elected  since  the  Buf- 
falo meeting;  of  these  271  have  perfected  membership,  two  have  declined, 
and  forty-six  have  not  yet  replied  to  the  notifications  sent  to  them.  Two 
elected  at  Ann  Arbor  and  six  at  Buffalo  have  perfected  membership  since 
the  last  report,  and  seventy-six  old  members  have  paid  arrears,  making 
an  addition  of  355  names  to  the  list  since  its  publication  in  the  Buffalo 
volume. 

Since  that  list  was  published  thirty  names  have  been  transferred  to  the 
list  of  deceased  members,  233  have  been  omitted  for  arrearages  previous 
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to  the  Buffalo  meeting,  and  23  have  resigned,  making  286  names  taken 
from  the  roll  published  in  the  Buffalo  volume. 

Of  the  1956  members  now  on  the  roll,  154  are  in  arrears  for  the  Buffalo 
and  New  York  assessments.  Twenty-three  members  have  become  life 
members  during  the  past  year.  Fifty-five  members  have  been  transferred 
to  the  list  of  fellows  during  the  year. 

The  number  of  members  and  fellows  given  on  the  roll  published  in  the 
Buffalo  volume  Is  1886,  and  in  the  present  volume,  1966,  an  increase  of 
70,  divided  as  follows  : 

Buffalo  vol.    New  York  vol. 

Patrons 3  3 

Members 1253  1286 

Honorary  Fellow      ....  1  1 

Fellows 629  667 


Total,  1886  1956 

The  cash  accoant  of  the  Permanent  Secretary,  as  printed  on  the  follow- 
ing pages,  begins  just  prior  to  the  Buffalo  meeting,  and  closes  prior  to 
the  New  York  meeting,  or  from  Aug.  7,  188G  to  Aug.  1,  1887.  It  will 
be  noticed  that  the  cost  of  the  2500  copies  of  the  Buffalo  volume  was  kept 
within  the  $2500  authorized,  and  that  not  only  were  all  the  expenses  of 
the  year  met  by  the  receipts,  but  that  nearly  ^400  were  paid  on  the  debt  to 
the  Permanent  Secretary. 

The  Funds  of  the  Association  are  as  follows : 

RKSRAncH  Fund. 
Aug.  1,  1887.  Principal  and  Interest  to  date,  .        .        .       $3,467.81 

By  vote  of  the  Council  at  the  New  York  meeting 

there  have  been  paid  from  this  amount : 
To  Professors  Michelson  and  Morley  to  aid  them 

in  the  establishment  of  a  standard  of  length,     .         $176.00 
To  Dr.  C.  S.  Minot  for  illustrations  of  papers  on 

the  development  of  the  human  placenta  and  on 

the  supra-renal  capsules, 125.00      $300.00 

Present  amount  of  ftind,        03,167.82 
The  Income  of  this  sum  can  be  appropriated  by  the  Council  to  aid  in 
original  research. 

Gkneral  Fund. 
Aug.  1,  1887.  Principal  and  Interest  to  date,  .        .        .  $107.81 

This  fund  can  be  expended  for  any  purpose  by  vote  of  the  Council. 

F.  W.  Putnam, 

Permanent  Secretary. 
Salem,  Masa.,  Mar.  8,  1888. 
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1886-7. 
To  admission  fees  Buffalo  Meeting       .    .    . 
"          "    previous  to  Buffalo  Meeting 
•'          "    New  Yorlt  Meeting 
Fellowship  fees         


F.  W.  PUTNAM,  PERMANENT  SECRETARY, 
The  American  Association  for 


Assessments  previous  to  Buffalo    . 
"  for  Buffalo  Meeting    . 

"  '•     New  York  Meeting 

"  Associates,  Buffalo 


Publications  sold  .... 

Received  for  binding 

"  "    200  copies  of  Address 

President,  Sec.  H 

Postage  and  express  refunded 


Gift  of  Gen.  Wm.  Lilly     .... 

"  "  Mrs.  Esther  Herman      .     . 

"  •*  Dr.  J.  E.  Chapiu        .     .     . 

"  ••  Mr.  Chas.  H.  Rockwell 

•«  "  Miss  Helen  C.  D.  S.  Abbott 

"  "  Rev.  Raphael  Benjamin 

"  "  Two  members,  $10  each     . 

Life  membership  commutations 

Balance  due  Permanent  Secretary,  to  next  acct. 


Vice 


$708  00 


4,980  00 


168  36 


395  00 

250  00 

2,751  45 


$9,252  81 
I  have  examined  the  above  account  and  it 
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IN  ACCOUNT  WITH 

THB  Advancement  of  Science.  Cr. 

1886-7. 

By  2500  copies  Proceedings  Vol.  35  (486  pages) 

Composition  and  authors'  changes      ...  $  920  40 

Boxes  for  100  star,  plates 3  00 

Illustrations 2  60 

Paper  and  press-work        1,029  15 

Printing  paper  covers  &  binding  2400  copies  264  00 


Binding  25  copies  Vol.35,  one-half  morocco  25  00 

««          76      "          "      "     cloth     ....  37  60 

Cloth  covers,  25         5  00 

Printing  wrappers  and  wrapping  2500  vols.  28  75 
2200  extra  copies  of  eleven  addresses  and 

reports 126  13 

Additional  extras  for  author     (Refunded)  13  35 

600  copies  Constitution,  List  of  Members, 

etc 120  00 

Expenses  of  Buffalo  Meeting 331  84 


$2,219  05 


235  73 


461  34 


Express,  including  distribution  of  Vols.  34 

and  35       706  87 

Postage,  Box  rent.  Postal  Guide     ....  234  68 

Cable,  Telegraph  and  Telephone    ....  8  21 

949  76 

Proceedings  bought 9  50 

Prlntingcirculars, blanks, tickets, cards, etc.  92  80 

Petty  expenses,   including  stationery  and 

record  book 27  37 

Extra  labor 13  60 

Boxes  for  publications       11  60 

Rent  of  office       108  00 

263  17 

Salary  of  Assistant  Secretary 500  00 

"       "  Permanent      "        ......  1,250  00 

1,760  00 

To  Life  Membership  Fund 260  00 

Balance  due  Permanent  Secretary  1886-6  acct.  3,184  26 


99,262  61 
is  correctly  cast  and  properly  vouched. 

H.  Whbatlakd,  Auditor. 
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